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ABSTRACT 
The adults of Oedaleus abruptus and Gastrimargus 
africanus are found in short and tall grasslands/ 
respectively. They migrate into crop fields when in advance 
stages while early nymphal instars remain within the grasses 
like Cyperus rotunduS/ Seteria glauca/ Paspalum distichum/ 
Andropogon adoratus/ Panicum psilopodium and Cynodon 
dactylon . 
The adults are distinguished by the hind wings 
basally bright yellow and with a thick complete dark band 
and with the hind femur ventrally blue in Gastrimargus 
africanus while Oedaleus abruptus can be distinguished from 
its smaller size and incomplete hind wing fascia. 
Both these species are found in a mixed population 
with each other at all stages. The life stages in laboratory 
conditions have shown that under constant conditions there 
can be four complete generations in a year however, the 
number of generations may be reduced to 2-3 in natural 
population. Adults are found reproductively active in rainy 
season and in the months of September, October, March and 
April but do remain active in winter season without 
reproductive activities. 
The act of copulation is on a typical acridian 
pattern but with a longer duration of about 100 minutes as 
compared to other acridids. Oviposition is completed in 1^ 
hour and can be completed in 45 minutes. The size of the egg 
pod is variable in both the species. The average number of 
egg- pods per female in Oedaleus abruptus was 6,96±0.36 
(isolated condition) and 6.40±0.34 (crowded condition) and 
the size of the egg-pod laid earlier was longer than the egg 
pod laid later while in Gastrimargus africanus the average 
number of egg-podsper femalewas 8.04±0.35 (isolated condition) 
and 7.08±0.33 (crowded condition). 
The isolated and crowded conditions show some effect 
on the fecundity of females of these two grasshoppers. The 
average egg-pods and eggs of these two species was found to 
be 57.94 (isolated condition) in Gastrimargus africanus and 
14.53 (isolated condition) in Oedaleus abruptus and was also 
found different in both cases under crowded conditions. 
Diapause does not occur at any stage of the life 
cycle which indicates the presence of these grasshoppers 
through overlapping generations in a year. The development 
of hoppers in these two species and variations in the number 
of hopper instars have been observed as 5-6 in males and 5-7 
in females. These variations were found even under constant 
conditions of temperature, humidity and food. In these two 
grasshopprs male individual cycle with 6-instar hoppers is 
completed in 35 days while female individual cycle with 7-
instar hoppers is completed in 40 days and such hopper 
duration is attributed to the number of instars in the cycle. 
Dyar's law has been successfully applied under 
constant conditions of temperature, relative humidity, food 
and density. 
The eggs of these two species are laid in moist soil 
and their development and percentage of hatching are greatly 
influenced by temperature and moisture. In Gastrimargus 
africanus the lowest percentage of eggs hatched was found 
to be 27.57% while the highest was found to be 68.16%. The 
incubation period was longest (35.04 days) at 25°C and the 
shortest (19.73 days) at 45°C. The development of eggs per 
day was calculated at 25°C as lowest (2.89%) and highest at 
45°C (5.13%). In Oedaleus abruptus the lowest percentage of 
eggs hatched was 55.81% at 25°C and highest was 76.38% at 
35''C. Likewise, the average incubation period was longest 
(34.40 days) at 25°C while shortest (24.43 day) at 35°C and 
the development of eggs per day was slowest (2.95%) at 25°C 
and highest (4.98%) at 35°C. 
The population level of these two grasshoppers is 
mainly influenced by temperature, relative humidity and 
available food plants. Both these grasshoppers are in 
abundance during rainy season from May to August in North 
India but their population dwindles when winters are 
approaching or terminating into summer but the adults remain 
active without reproductive activities. 
The locomotory behaviour of hoppers and adults is 
greatly influenced by the environmental factors, mainly 
temperature, relative humidity, food, air speed and human 
activities. The temperature of the environment dominates 
the proceedings of the activities. 
The food preferences of nymphs and adults have been 
found out and the factors influencing the food' selection 
and the age-wise preferential values of food by the hoppers 
have been recorded. 
The most important aspect of the present studies 
has been the morphometry of these two grasshoppers in 
nymphal as well as adult stages. Out of 24 differnt 
measurements and 8 ratios, about 12 body parts and 5 ratios 
are found statistically significant and sensitive to 
isolated and crowded conditions, confirming the instinctive 
gregarious behaviour though occasional in these two species. 
However, visual observations on few occasions on the 
gregarious and discontinuous aggregation in Oedaleus 
abruptus and Gastrimargus africanus are an 
additional confirmation to their unusual locust like 
behaviour. It is therefore, concluded and inferred that these 
two economically important non-swarming, occasionally 
gregarious acridoids in -North Indian soil are very close to 
become a permanent small sized locusts and may assume new 
dimensions of their dangerous posture. 
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CHAPTER-I 
INTRODUCTION 
No stretch of land is free from grass-hoppers 
which almost invariably become major pests of crops. 
Their devastations may be less spectacular than those 
caused by locusts but they are more persistent so that 
the effect on agricultural production and particularly 
on planned development is much more serious than 
caused by locusts. 
The grasshopper problem in north India is 
assuming a new dimension and needs immediate attention 
in this regard. Therefore, the present problem was 
undertaken keeping in view the economic importance 
of two basically solitary grasshoppers, namely 
Oedaleus abruptus Thunberg and Gastrimargus africanus 
Saussure. Both species are occasionally gregarious 
and migratory in behaviour, though the ecological 
niches are different, but are found in close 
association. Oedaleus abruptus is commonly found in 
short grassland while Gastrimargus africanus is 
inhabitant of tall grassland and cultivated ground, 
Oedaleus abruptus is a pest of rice (Oryza 
sativa), millet (Pennisetum typhoides), jowar (Sorghum 
vulgare), maize (Zea mays), gram (Cicer arietinum), 
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groundnut (Arachis hypogaea) , tomato (Lycopersicum 
esculentum) / pinus (Pinus roxburghii) , sal (Shorea 
robusta), sandal (Santalum album) and sugarcane (Saccharum 
officinarum) . In the last few years it has become a major 
pest of millet/ gram, maize, rice and sugarcane in northern 
India. On many occasions it was found attacking such crops 
with a gregarious behaviour. 
Gastrimargus africanus is a pest of rice (Oryza 
sativa) , maize (Zea mays) , jowar (Sorghum vulgare) , 
sugarcane (Saccharum officinarum) and citrus (Citrus spp.). 
Recently it has become a major pest of rice, maize, 
sugarcane and citrus plantations in northern India. It is 
also found in various behavioural phases while attacking 
such crops. 
Since the bionomics, ecology and behaviour of these 
two very important pests is not known in detail except few 
occasional observations made by several workers, therefore, 
comprehensive study of life-cycle, ecology and behaviour 
and their natural enemies is urgently needed with special 
reference to the Indian sub-continent. 
The effective control of locusts and grasshopers, 
whether chemical or biological is intimately connected with 
the detailed ecology and biology of the species, and 
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depends on a comprehensive knowledge of salient features 
in the bionomics and behaviour of an acridoid. A complete 
description of all stages of development may be of 
practical utility and without a thorough understanding of 
the relations between acridoid and their environment/ 
effective control measures are not possible. There is no 
information available about the biology and behaviour of 
these two species specially in northern India where they 
are assuming the status of pests on the major crops. The 
present study was carried out in order to fill a gap in 
our knowledge of the ecology and biology of these pests. 
The study has been divided into three parts-namely 
biological, ecological and behavioural. 
The biological parts are related to the life-cycle 
and various stages while the ecological part gives 
information regarding population studies and relations 
with various environmental factors. The behavioural part 
deals with various behavioural patterns during biological 
processes with special reference to the feeding and 
reproductive behaviour. 
The present study is mainly based on laboratory 
studies. Some field observations on the seasonal variations 
and ecological conditions for both these species have also 
been included, in order to ascertain as to what factors 
they have in common for normal breeding and which may help 
in forecasting their outbreaks and suggesting subsequent 
control measures. 
The analysis of ecological data on population 
density would help the workers in finding seasonal trend 
and cyclical movements of these dreaded pests. The factors 
responsible for gregarization and swarm formations have 
been investigated. Such studies have been very exciting 
as to confirm the phase theory of locusts propounded 
earlier. These observations seem to be of great importance 
in the phase formation behaviour of acridoids in general. 
Studies have been made on the bionomics, 
life-history, copulation, oviposition, feeding behaviour 
and morphometries, reproductive behaviour and colour 
patterns in one life-cycle and the phenomenon of 
multivoltine behaviour. 
Ecological studies included the effect of 
temperature, relative humidity, food and crowding on 
Oedaleus abruptus and Gastrimargus africanus. During 
investigations various natural enemies have also been 
recorded for them which may be exploited in the biological 
control of these acridoids. 
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CHAPTER-II 
REVIEW OF LITERATURE 
The studies on the locusts and grasshoppers have 
been carried out since the early twenties. Notable 
contribution in the field of Acridology concerning the 
present studies have been made by many acridologists. 
The various modes of copulation and oviposition 
have been studied by several workers with their specific 
observations such as Katiyar (1952, 1955, 1956b) in 
Eyprepocnemis roseus, Aularches punctatus, Oedaleus 
abruptus and Gastrimargus transversus, Norris (1954) and 
Hunter-Jones (1960) in Schistocerca gregaria, Hafez & 
Ibrahim (1958) in Acrida pellucida, Pickford & Gillott 
(1972) in Melanoplus sanguinipes and Iqbal & Aziz (1974) 
in Spathosternum prasiniferum. Uvarov (1966) gave a 
detailed account of the common mode of copulation in 
acridoids, the 'riding mode' in Schistocerca gregaria. 
The copulating posture may differ in other species. 
Jhingaran (1944) recorded another mode of copulation 
'lateral mode' in Heteracris capensis. Katiyar (1952) 
recorded a third mode of copulation 'hanging mode' in 
Parahieroglyphus bilineatus. Katiyar (1956b) also observed 
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an intermediate mode of copulation between lateral and 
hanging mode in Oedaleus abruptus and Gastrimargus 
transversus. Popov (1958) observed in Schistocerca 
gregaria that copulating females continue to feed, crawl 
and jump during mating process. Pickford & Gillott (1972)in 
Melanoplus sanguinipes reported that male aggressiveness, 
female density and production of a chemical attractant 
by the females are factors which have a great influence 
on the selection of a mate. Most of the members of the 
sub-family Acridinae and Oedipodinae use acoustical means 
of communication during sexual activity (Haskell, 1958; 
Perdeck, 1958; Loher & Chandrashekharan, 1970 and Otte, 
1970). Certain body parts like antennae, palpi, cerci, 
sense organs and some chemical stimuli and female sex 
attractants play an important role in the courtship 
activity (Jacobson, 1965; Thomas, 1955; Uvarov, 1966 and 
Pickford & Gillott, 1972). Pickford (1974) studied the 
reproductive behaviour of the clear winged grasshoppers, 
Camnula pellucida. Gregory (1965a, 1965b) in Locusta and 
Norris (1954) in Schistocerca gregaria observed the 
presence of more than one spermatophore in each female 
of these species which indicate the necessity of repeated 
copulation. Hunter-Jones (1960) reported that the last 
copulation in Schistocerca gregaria is the effective one. 
Singh & Dhamdhere (1984) observed the mating behaviour 
in rice grasshopper while Riecie (1987) made a comparative 
study of pre-mating and mating behaviour in 25 species 
of South American grasshoppers belonging to 9 
sub-families. 
The type of soil plays an important role in the 
act of oviposition. It was observed that the females 
preferred to lay eggs in moist soil. In cases, where the 
soil is extremely.dry female fails to oviposit at all 
(Norris/ 1968; Edwards & Epp, 1965) and sometimes the 
female dies without egg-laying (Katiyar, 1956'a) . Katiyar 
(1955) in Aularches punctatus observed deposition of the 
eggs in sandy loam soil. Joyce (1952b) reported that the 
female of Oedaleus senegalensis prefers to lay eggs in 
clay soil. Pradhan & Peswani (1961) observed egg-laying 
in Hieroglyphus nigrorepletus in the roots of various 
shrubs. Chandra et_ al.. (1973) made the detailed 
observations on the selection of soil type for oviposition 
in the migratory locust (Locusta migratoria) and studied 
the development of eggs deposited in the different soil 
types. The detailed process of oviposition has been 
described by Katiyar (1955, 1956a) in Aularches punctatus 
and Parahieroglyphus bilineatus, Hafez & Ibrahim (1958) 
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in Acrida pellucida and Iqbal & Aziz (1974) in 
Spathosternum prasiniferum. 
Norris (1950, 1952) studied the effect of crowding 
on the pre-oviposition period and interval of successive 
egg-laying in Locusta migratoria migratorioides and 
Schistocerca gregaria respectively. Antoniou & 
Hunter-Jones (1956) studied the effect of crowding on the 
fecundity of Eyprepocnemis capitata. Hunter-Jones & Ward 
(1959) studied the incubation period, instar hoppers and 
polymorphic behaviour in Gastrimargus africanus giving 
some effect of crowding on the sexual maturation of 
females, egg-laying rate, fecundity and viability of eggs. 
Lautie (1979) observed the fecundity rate of the females 
of Locusta migratoria in the absence of fertile males and 
Baloch (1980) made special observations on the egg-laying 
behaviour affecting fecundity and fertility of Aiolopus 
thalassinus. Chamberlain (1980) made an observation on 
the pod crowding affecting viability of eggs in Locusta 
and Schistocerca. Pickford (1976) studied the embryonic 
growth and hatching of eggs of Melanoplus bivittatus in 
relation to oviposition date. Richards & Waloff (1954) 
studied the arrangement of eggs in the egg — pods of 
Stenobothrus lineatus and Mecoseth grossus. Ewer (1977) 
studied the function of the plug of egg-pods. However, 
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Moriarty (1969) observed the decline of egg-laying 
capacity with the aging of the female in Chorthippus 
bruneus, Fresa (1971) observed that the grasshoppers 
Dichroplus elongatus, D. pratensis and D. punctatus were 
unable to oviposit and die without egg-laying due to 
fungus Entomophthora grylli. Petty (1973) has mentioned 
that the hatching success is associated with the sand 
structure. 
Choudhuri (1958) have made experimental studies 
on the choice of oviposition site by two species of 
Chorthippus. Pickford (1960/ 1976) noted survival, 
fecundity, population growth, embryonic growth and 
hatchability of eggs in Melanoplus bilituratus and 
Melanoplus bivittatus in relation to date of hatching, 
date of oviposition and weather conditions, while Pickford 
(1966b) studied the influence of date of oviposition and 
climatic conditions on hatching of Camnula pellucida. 
Bhatia & Singh (1961) observed the selection of 
oviposition site by desert locust in relation to 
vegetation density. Smith (1968) reported the relationship 
between oviposition and fertility to copulation in 
Melanoplus sanguinipes. Khan et_ aj^. (1980) investigated 
the preferential behaviour for oviposition in Chrotogonus 
trachypterus. McCaffery <S Page (1982) recorded the 
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oviposition behaviour in Zonocerus variegatus; Liu et al. 
(1984) stressed the selectivity for oviposition in locusts 
in China and an unusual oviposition behaviour in desert 
locust was recorded by Bhatti et al. (1986). 
The variation in the size and shape of the egg-
pods associated with the available moisture, food of the 
parent grasshopper, number of egg-pods laid previously 
as described by Norris (1950) while Milliard (1959) 
attributed it to the soil. Khalifa (1957) recorded 
development of eggs with special reference to the 
incidence of diapause in the eggs of Eyprepocnemis 
plorans. 
Bernays (1971b) provided some details about 
hatching process with reference to temperature, moisture 
and food for Schistocerca gregaria. Temperature, moisture 
and food have been reported to play an important role 
in successful hatching (Dempster, 1963). Agrawal & Rizvi 
(1982) observed an early emergence due to early monsoon 
in Hieroglyphus nigrorepletus, which is a diapausing 
species. 
Resistance to desiccation among grasshoppers with 
reference to water loss on the hatchability of grasshopper 
eggs was studied by Salt (1952) while Pickford (1966b). 
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observed the rate of mortality in extreme dry conditions. 
Hunter-Jones (1964) observed detrimental effect of high 
level of soil moisture which may be due to restricted 
supply of oxygen. Shulov & Pener (1961, 1963) studied the 
incubation period in relation to moisture content. Shulov 
(1956) in Anacridium aegyptium observed the development 
of eggs extending for more than two months from normal 
time due to water deficiency. The mortality rate with 
extreme soil moisture level was recorded by Shulov & Pener 
(1961) and Harjai & Sikka (1970). Hunter-Jones (1964) in 
Schistocerca gregaria observed the eggs neither hatched 
in water-logged soil nor in almost dry soil. The eggs in 
dry sand die within two days but the water content of the 
sand in between these two extremes made no difference. 
Donaldson (1970) observed the difference between the top 
and the bottom eggs and between the resulting hopper and 
adult populations of two strains of Locusta migratoria 
migratorioides. 
The incubation period of eggs in Chrotogonus has 
been mentioned as inversely proportional to temperature 
and moisture but moisture affects the viability of 
developing eggs as noticed by Grewal & Atwal (1968). 
Church & Salt (1952) studied the normal development of 
Melanoplus bivittatus even at 12°C, while Hunter-Jones 
12 
(1964) observed the reduction in hatching percentage at 
temperature extremes. Parihar & Pal (1978) attached 
significance to temperature on the development of eggs 
of surface grasshopper and Chapman & Page (1979) observed 
the mortality of Zonocerus variegatus in Southern Nigeria. 
Hewitt (1979) laid stress on temperature and precipitation 
in the environment and their effects on the development 
of rangeland grasshoppers. Shulov (1952b) observed higher 
relative humidities as detrimental to one day old eggs. 
However, Shulov (1970) has given an importance to humidity 
in the development of eggs of Nomadacris septemfasciata 
and Locusta migratoria migratorioides. Bernays (1972) 
emphatically attributed the water content of the soil as 
an important factor in determining the size of hatchling 
in Schistocerca gregaria. Uvarov (1966) and Bernays 
(1971a) made a comprehensive study of the form and 
activity of vermiform larva of Schistocerca gregaria. 
Papillon et_ a]^. (1980) could find hormonal imbalance in 
Schistocerca gregaria with changing temperature. 
El-Ibrashy et a_]^ . (1985) have made some very useful 
observations on metabolic effects of juvenile hormones 
in the female desert locust. 
Thomas (1980) observed the effect of casting 
temperature on Palinia acuminata. The account on the 
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effect of temperature and humidity on the development 
°^ Qxya hyla by Mahto (1981) and by Ali (1982) on Acrida 
exaltata are of useful nature for further studies. 
Khouaidjia & Fuzeau-Braesch (1982) observed the effect 
of temperature/ grouping and isolation on several strains 
of Locusta migratoria, while Gregg (1983)/ Ingrisch (1983) 
and Kumar & Matin (1983) have investigated the effects 
of weather/ humidity and soil moisture on various 
acridoids. Gregg (1984) presented a stimulation model of 
the development of Chortoicetes terminifera under 
fluctuating temperatures and Gregg (1985) stressed the 
temperature as an important factor in the embryology of 
diapausing Australian locust, Iheagwam (1985) observed 
wet & dry season Mendelian population of Zonocerus 
variegatus in Nigeria. 
Studies on the effects of different degrees of 
temperatures and level of humidities on different stages 
of acridoids have been worked out by many workers like 
Grewal & Atwal (1968); Parihar (1971): Khan & Aziz 
(1973a, 1974c); Iqbal & Aziz (1973); Majeed & Aziz (1980a/ 
1980b) and Ali (1982). These workers have attributed 
temperature and humidity as an ecological factor 
responsible for the rate of development and hopper 
duration periods. Grewal & Atwal (1968) observed decrease 
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in hopper duration of Chrotogonus trachypterus with the 
increase in temperature and relative humidity. Pradhan 
& Peswani (1961), while working w;Lth Hieroglyphus 
nigrorepletus, observed that the rearing at 32±1°C was 
more favourable than at 26±1°C at which the attainment 
of the adult stage has taken double the time and the 
development was did not proceed at 20°C and 40°C. 
Similar observations are made by Parihar (1971); Khan & 
Aziz (1973a, 1974a, 1974c); Iqbal & Aziz (1973) in 
Poekilocerus pictus, Oedaleus abruptus, Eyprepocnemis 
alacris and Spathosternum prasini ferum, respectively. 
Abou-Elela & Hilmy (1977) observed the effects of 
photoperiod and temperature on the developmental stages 
of Acrotylus insubricus. 
The effect of different levels of temperature and 
humidity on the development were studied by Grewal & 
Atwal (1968) with reference to pre-oviposition and 
oviposition periods in Chrotogonus trachypterus. Iqbal 
& Aziz (1973) recorded that the gonads mature earlier at 
35°C and the female did not oviposit at 18°C and 45''C in 
Spathosternum prasiniferum. 
In acridids the number of nymphal instars may vary 
from species to species and even in individuals of the 
same speices (Joyce, 1952b and Katiyar, 1961). However, 
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Hunter-Jones & Ward (1959) in Gastrimargus africanus 
observed variation in the number of hopper instars in male 
and female of the same species. 
The distribution of grasshoppers in relation to 
vegetation and physical factors has been observed by Smith 
(1950); Abushama & Elhag (1971); Iqbal & Aziz (1975) and 
Moonis & Aziz (1977, 1980). Similar observations were made 
by Majeed & Aziz (1981b) while working on Gastrimargus 
transversus with reference to the effect of different food 
plants on the development of hoppers and their survival. 
Observations made by Ratan (1978) on the utilization of 
food by Acrida exaltata are of an informative nature. Khan 
(1974) in his Ph.D. thesis on bionomics and life-history 
of some acrididae made preliminary observations on 
Oedaleus abruptus and its nutritional behaviour and Majeed 
(1978) in his Ph.D. thesis on ecological factors affecting 
Gastrimargus transversus had also made some observations 
on the importance of food plants as an ecological factor. 
Workers like Williams (1954) and Misra (1962) made some 
sporadic observations on the food patterns in 
grasshoppers. Abushama & Elhag (1971) have studied the 
distribution and food plant selection near Khartoum while 
Toye (1974) was able to record the feeding and locomotary 
activities of Zonocerus variegatus and Aziz & Aziz (1985) 
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recorded plant selection pattern in Oxya velox. Useful 
studies were made by Bailey & Mukherji (1976) on the 
feeding habits and food preferences of Melanoplus 
bivittatus. Mulkern e_t aj^. (1969) had given comprehensive 
account of food habits of grassland grasshoppers of North 
Central Great Plains. Bernays et_ al_. (1974) observed the 
inhibitory effects of seedling grasses on the fecundity 
and survival of Locusta migratoria migratorioides, 
Nomadacris septemfasciata/ Chortoicetes terminifera, 
Melanoplus sanguinipes and Schistocerca americana. Misra 
(1962) observed that Camnula pellucida was able to 
discriminate nutritionally favourable plants from 
unfavourable ones. Rizvi & Aziz (1967) recorded the damage 
to vegetable and medicinal plants caused by Oxya velox. 
The intra species food preferences were studied by 
Ba-Angood & Khidir (1975) in Schistocerca americana and 
Iqbal & Aziz (1975) used twelve different food plants for 
food preferential values of different stages of 
Spathosternum prasiniferum. 
Recently Chabuike (1979); Ali (1981); Chandra 
(1981); Haniffa & Periasamy (1981) and Ronderos et_ al. 
(1981) observed some striking food preferences in African 
migratory locust/ Bombay locust, desert locust, Acrotylus 
insubricus and Argentinian acridids, respectively. 
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Manchanda et_ £]^. (1982) gave an impressive account of the 
host plants in relation to growth and development of 
Schistocerca gregaria while Chandra & Mital (1983) recorded 
similar observations in Chrotogonus trachypterus. Chandra 
& Chandra (1983) made a simple approach to rapid 
screening of plants for feeding preferences in Schistocerca 
gregaria. Food preferences for Poekilocerus pictus were 
investigated by Muralirangan & Muralirangan (1984) while 
Muralirangan & Muralirangan (1985) reviewed 
physico-chemical factors in acridid feeding. 
Ananthakrishnan et al. (1985) investigated behavioural 
responses in terms of feeding and reproduction in 
grasshoppers. Chandra (1985) probed into food preferences 
in non-gregarious adults of Schistocerca gregaria and 
Chandra (1987) made some good observations on the food 
selection behaviour of desert locust. Very recently 
Chapman (1988) investigated the relationship between diet 
and size of the mid-gut in grasshoppers. 
Smith £t a]^. (1952) and Barnes (1955) studied the 
survival/ fecundity and growth of the grasshoppers. Iqbal 
& Aziz (1977) observed the effect of different food plants 
on the development and reproductive potential of 
Spathosternum prasiniferum. The findings made by Toye 
(1973) and Bernays & Chapman (1973) on locusts are to be 
mentioned. 
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Barnes (1965) studied the effects of different 
food plants in terms of diet quality and its respective 
bearing on the health of the grasshopper. Manchanda et 
al. (1980) observed a new phenomenon related to the effects 
of host plant on the morphometries and phase status of 
Schistocerca gregaria while Roonwal (1982) attached a 
biological significance to the pigmentation in the 
grasshoppers. 
Effect of crowding on the development of grass-
hoppers and changing behaviour were studied by Norris 
(1950/ 1952) in African migratory locust and desert 
locust, using crowded and isolated conditions but could 
not detect any difference in nymphal duration. Antoniou 
& Hunter-Jones (1956) found crowded conditions detrimental 
to the survival of Eyprepocnemis capitata specially in 
the first instar hoppers- Burnett (1951) studied the life-
cycle of Nomadacris septemfasciata in relation to solitary 
phase while Staal (1961) observed the development of 
Locusta migratoria migratorioides in relation to crowded 
conditions. Hunter-Jones & Ward (1959) found rearing 
density having no effect on the adult morphometries in 
Gastrimargus africanus. The density among adults of 
Gastrimargus africanus have no relevance with sexual 
maturation. This is in contrast to the observations made 
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by Norris (1950, 1952) and Hunter-Jones (1958) in locusts. 
Norris (1962a) made observations on the density and 
grouping effect on sexual maturation, feeding and activity 
in caged Schistocerca gregaria. Gassier (1972) observed 
the influence of rearing conditions (isolated and crowded) 
on the fecundity of females of Locusta migratoria' 
migratorioides. Papillon (1972) also studied the 
influence of crowding of adults on their fecundity and 
polymorphism in their progeny while working on 
Schistocerca gregaria. Khan & Aziz (1974b) observed the 
effect of crowding on the hopper developmental periods 
on Oedaleus abruptus and Eyprepocnemis alacris under 
controlled conditions. Rizvi et al. (1975) observed the 
effect of crowding on the nymphal duration of Hieroglyphus 
nigrorepletus. Majeed & Aziz (1977, 1981c) observed the 
effect of crowding on the fecundity and viability of eggs 
and development of different stages under different 
density at constant temperature and relative humidity. 
Moonis and Aziz (1978) studied the effect of crowding on 
the development and fecundity of Trilophidia annulata. 
The studies on the phase polymorphism and 
morphometries of locust were made by several workers. 
Dirsh (1951, 1953); Roonwal & Nag (1951) and Misra et^  al . 
(1952) gave several measurements and ratios for characteri-
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sing phases in locusts. Key (1950) made a valuable 
critique on the phase theory of locusts- Blackith (1957) 
experimented polymorphism in some Australian locusts and 
grasshoppers. Stower et_ £l. (1960) also studied the 
morphometries in desert locust. Ellis (1951) studied 
marching behaviour of hoppers while Denis et al . (1976) 
recorded the morphometrical changes in Locusta migratoria 
in relation to density. Ellis (1962) noted behavioural 
differences of locusts in relation to phase and species. 
Tanaka (1982) studied the crowding effects on the 
migratory locust in Japan. Chandra (1983) observed a small 
concentration of Oedaleus senegalensis in Rajasthan desert 
which is of great importance with reference to the species. 
Harjai (1983) studied morphometries in desert locust 
populations in relation to habitats. Basit £t_ al . (1984) 
reported morphometrical changes of significant nature 
while rearing Gastrimargus africanus. Bellinger & 
Pienkowski (1987) investigated developmental polymorphism 
in red-legged grasshopper in USA. Rafeeq & Rizvi (1989) 
and Razak & Rizvi (1989) have made some observations on 
the suspected gregariousness in Oedaleus senegalensis and 
Acrida exaltata/ respectively. 
Environmental conditions play an important role 
in the grasshopper population structures. It is correlated 
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with food availability, ecological niche and changing 
temperature with photoperiod. Favourable ecological 
conditions are attributed to vigorous biological 
activities. Comprehensive work in this field has been done 
on different acridoids notably by Richards & Waloff 
(1954); Katiyar (1955, 1956b); Mac Carthy (1956); Edwards 
(1960); Pickford (1960, 1966a); Chapman (1962); Riegert 
& Pickford (1963); Lea (1969); Smith (1969); Nakhla 
(1970); Pick & Lea (1970); Khan & Aziz (1973a, 1973b); 
Qayyum & Atique (1973); Descamps (1975); Majeed & Aziz 
(1975); Moonis & Aziz (1977); Haq & Aziz (1978); Duranton 
& Lecoq (1980); Ali (1982); Julka et_ aQ. (1982); Sergeev 
& Li (1982); Agrawal & Rizvi (1982); Basit et_ al. (1983); 
Hazra et £l. (1984); Materu (1984) and Mital & Chandra 
(1984). These workers have investigated the ecological 
and biological aspects of various grasshoppers in relation 
to their habitats, environmental conditions and 
zoogeographical conditions. Paranjape (1985) gave special 
emphasis to behaviour analysis to feeding and breeding 
in orthopteroid insects while Singh £t_ al. (1985) made 
some field observations on the seasonal abundance of 
Atractomorpha crenulata. 
The recent work on the population fluctuations 
of locusts and grasshoppers, their pattern of distribution 
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and abrupt changes due to competitive relationships had 
been done by El-Minshawy et_ al . (1978); Ting et al . 
(1978); Chapman et_ aji.. (1979), Mulkern (1980) and Farrow 
(1982) investigated population dynamics of Australian 
plague locust with reference to analysis processes, while 
in India, Parihar (1983) stressed seasonal variations in 
population of Pyrgomorpha bispinosa. Haldar (1986) studied 
the population ecology of three acridids in West Bengal. 
Hugueny & Louveaux (1986) observed specifically aridity 
gradient and latitudinal variations in size in populations 
fi Onsager 
of Calliptamus barbarus while Hewitt (1988) studied 
effect of sagebrush removal and legume interseeding on 
rangeland grasshoppers population. A new approach has been 
& Adla 
adopted by Johnson (1988) in studying spatial and 
temporal computer analysis for grasshoppers in Alberta 
and is considered a new technology for rapid mapping of 
variables and their use in computer models. 
Agrawal & Rizvi (1982) observed the emergence of 
Hieroglyphus nigrorepletus just after winters in North 
India when the species was found throughout India as 
univoltine and only seen in monsoon season. Jago (1963) 
describing life histories of Eyprepocnemis plorans in 
different seasons of the year. Phipps (1968) made 
observations on ecological distribution and life —cycle 
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of some tropical African grasshoppers. Khan & Aziz (1973b) 
and Majeed & Aziz (1978) studied the seasonal variation 
in the population of the hoppers of Oedaleus abruptus 
and Gastrimargus transversus/ respectively. Descamps 
(1975) made observations on acridid population of the 
State of Veracruz in relation to climatic conditions. 
Some good work on the life-history, life-cycle 
(laboratory as well as field conditions) for various 
species had been produced by Pener & Shulov (1960) for 
Calliptamus palaestinensis; Dudley (1961) for Locusts; 
Bhatia & Singh (1965) for Schistocerca gregaria; Riegert 
(1967a) for Camnula pellucida; Antoniou & Hunter-Jones 
(1968) for Eyprepocnemis plorans ornatipes; Ibrahim (1970) 
for Pyrgomorpha conica; Ba-Angood (1976) for 
Cyrtacanthacris tatarica; Roonwal (1976) for Hieroglyphus 
nigrorepletus; Moonis & Aziz (1977) for Trilophidia 
annulata; Antoniou (1978) for Humbe tenuicornis; Baloch 
(1978) for Ailopus thalassinus; Haq & Aziz (1978, 1979) 
for Acrotylus humbertianus; Lecoq (1978) for Sudanese 
acridid; Duranton et al_. (1979) for Catantops; Parihar 
(1979) for Pyrgomorpha; Gunnarsson (1980) for locusts; 
Ibrahim (1980) forHeteracris; Lecoq (1980) for West 
African acridids; MacFarlane & Thorsteinson (1980) for 
Melanoplus bivittatus; Onsager & Hewitt (1982) for 
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rangeland grasshopper; Capinera & Sechrist (1984) for 
Colorado grasshoppers; Holmberg & Hardman (1984) for six 
species of Canadian grasshoppers; Chapman £t_ al . (1986) 
for Zonocerus variegatus; Waloff & Pedgley (1986) for 
South American locust; Whitman (1986) for Taenipoda eques. 
Cherill & Begon (1989) laid special stress on the timing 
of life-cycle in a seasonal environment with reference 
to temperature dependence of embryogenesis and diapause 
in Chorthippus bruneus. 
Oedaleus abruptus (Thunberg, 1815) is a serious 
pest of finger millet, Pinus roxburghii, sandal and Shorea 
robusta in India; maize, sugarcane, rice and sorghum in 
Thailand (Roffey, 1979) and it is an economically 
important pest of rice in Pakistan (Ahmad e_t_ £l_. 1973). 
Khan & Aziz (1973a) reported that Oedaleus abruptus is a 
serious pest of gram, millet, sorghum, groundnut and 
tomato. Besides these plants, it also attacks on common 
grasses and fodder crops. Except these very few and 
scattered references otherwise, there is no information 
regarding its economic importance and damage to various 
crops. 
Asia is the only sub-continent of its potential 
distribution. No work has been done on Oedaleus abruptus. 
Only few workers reported its occurrence. It is reported 
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from Pakistan, India, Nepal, Sri Lanka, Bangaladesh, 
China, Burma, Thailand (Ritchie, 1981) (Fig. 1) and also 
reported from Hawaiian Islands (USDA, 1968, 1976). In 
India it is widely distributed and found predominantly 
in Uttar Pradesh, Bihar, Madhya Pradesh, Orissa, West 
Bengal, Andhra Pradesh and Tami Nadu. 
There is no information on its ecology and 
behaviour except that it is common in short grassland and 
its eggs are laid below the soil surface (Katiyar, 1960) . 
The life-cycle is not known except that it is bivoltine, 
oviposition occurs in October-November, and graminivorous 
in habit (Roffey, 1979). Among natural enemies the 
hymenopteran Scelio aegyptiacus Priesner has been 
artificially reared from eggs (Ahmad et_ a]^. 1973). Chandra 
et al . (1980) made some observations on the development 
of Oedaleus abruptus and reported that hoppers under 
crowded conditions developed faster than those reared in 
isolation and their nymphal duration is similar in males 
and females under crowded conditions while female took 
more time to become adult under isolated condition. With 
these informations which are sporadic, occasional and 
scattered otherwise nothing is known regarding its 
biology, bionomics, behaviour and control measures. 
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Some observations on Oedaleus senegalensis made 
by the following acridologists are of informative value 
for comprehensive study on this species. Bhatia & 
Ahluwalia (1962) reported swarms and hopper bands of 
Oedaleus senegalensis in Rajasthan (India) for the first 
time causing considerable damage to germinating bajri, 
Pennisetum typhoides and grasses while they (1966) 
observed serious proportions of species in Nagaur, Bikaner 
and Jodhpur desert areas of Rajasthan causing damage to 
bajri crops and pastures. Batten (1969) reported on its 
swarming and gregarious behaviour. Venkatesh et_ a_]^ . (1971) 
observed influence of rainfall on the egg diapause, 
Ahluwalia et_ a]^. (1976) studied the behaviour of a 
swarmlet, Launois (1979) made an ecological model for the 
study of this species, Launois-Luong (1979) studied egg 
production of this species in Niger. Cheke et_ £l. (1980) 
made an ecological observation on the egg-pods. Arnaud 
et al. (1982) gave an automation of an original ecological 
model peculiar to this species. Fishpool & Cheke (1983) 
made an observation on protracted eclosion and viability 
of eggs. Jago (1983) used light trap sampling of this 
grasshopper in West Africa. Ritchie (1983) determined the 
sex and the instar number of nymphs of Oedaleus 
senegalensis. 
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Gastrimargus africanus Saussure, 1888/ has been 
reported as a pest of tobacco, rice, Guinea corn, millet, 
maize, cashew, castor, teak, cassava and Eucalyptus 
saligna. Besides these plants it also attacks the common 
grasses and fodder crops. 
Gastrimargus africanus is distributed in most of 
the African countries, Arabian gulf and Indian 
sub-continent. It is reported from Zanzibar, Sychelles, 
Niger, Nigeria, Guinea, Sudan, Cameroon, Tanzania, Mali, 
Ghana, Senegal, Benin, Chad, Sierra leone, Liberia, Ivory 
Coast, Togo, Annobon, Principe, Sao Tome, Central African 
Republic, Congo, Ethiopia, Uganda, Zaire, Rawanda, 
Burundi, Kenya, Angola, Zambia, Malawi, Mozambique, 
Zimbabwe, South Africa, Comoro Is. and other Asian 
countries like Saudi Arabia, Yemen AR, India, Sri Lanka, 
Nepal, Tibet and Thailand (Ritchie, 1982) (Fig. 1). 
In India it is distributed throughout the country 
and predominently infesting north India. 
It is a grassland species (Robertson, 1967; 
Phipps, 1971), frequenting bare grounds (Anderson, 1964; 
Phipps, 1966 & 1970) and tall grassland (Joyce, 1952b) 
and is also abundant in cultivated grounds. It is found 
on the Sahelian Savanna in the rainy season only. 
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disappearing in the dry season but in India it is found 
throughout the year though it passes bivoltine life-cycle 
in a year. 
Its life-cycle is more complex year to year. Its 
biology has been unpredictable in nature. Practically no 
work has been done in India except Basit et al . (1984) 
describing morphometries of Gastrimargus africanus which 
shows behavioural changes during its biological stages. 
Scattered references are available such as Davey 
et al. (1959); Hunter-Jones & Ward (1959) and Descamps 
(1965) have reported 5- to 6-hopper instars. Descamps 
(1968) reported three generations in Madagascar and Jerath 
(1968) reported dry season diapause. These information 
do not complete the required data with reference to this 
species. 
Dirsh (1959) studied the early stages of an allied 
species, Gastrimargus nigericus. Majeed & Aziz (1975/ 
1977, 1978, 1979, 1980a, 1980b, 1981a, 1981b and 1981c) 
have made some observations on an another allied species 
Gastrimargus transversus such as the life-history under 
constant ecological factors, effect of crowding on the 
fecundity and viability of eggs, variations in population 
of hoppers and adults during different months of the year, 
application of Dyar's Law to different hopper instars, 
29 
sand moisture preference for oviposition and development 
of eggs under different conditions of temperature and 
relative humidity, temperature and humidity effect on 
development and reproductive potentiality of adults, food 
preferences of different stages under controlled 
conditions of temperature and humidity, effects of food-
plants on survival and development of hoppers and finally 
the development of different stages of the species under 
different density at constant temperature and relative 
humidity. 
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Large number of mature adults and immature stages 
of Oedaleus abruptus Thunb., and Gastrimargus africanus 
Sauss./ were collected from different areas of Aligarh, 
Lat . 27° 34' 30" N and Long. 78° 4' 26" E (Fig. 2,3). They 
were reared in wooden cages (36 cm x 36 cm x 36 cm) with 
glass panel on one side. Cages were provided with holes 
for metallic egg-laying tubes and an electric bulb (60 
Watt) for light and heat. These cages were not thermosta-
tically controlled but the heat could roughly be regulated 
by changing the number and, wattage of the electric bulb 
in the cage served two purposes, such as heat and 
photoperiod. Each cage was provided with a number of sticks 
for perching and moulting and also for basking. A petridish 
of water covered with perforated zinc sheet was kept in 
each cage and refilled as often as necessary, to keep the 
humidity at the desired level (Fig. 4). 
The entire work was subdivided into five portions 
such as biology, population studies, environmental effects, 
gregarization and natural enemies. 
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Fig.A. Rearing cages in the 
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BIOLOGY 
Adults were reared in wooden cages in the laboratory 
and the first generation was separated in two groups in 
which one was kept at constant temperature and humidity 
as per requirement while the other group was housed in 
field cages for natural biology (under field conditions). 
The egg-laying tubes containing freshly laid eggs 
were separated into two batches, one for the field and the 
other for the incubators. 
The daily temperature, relative humidity and 
rainfall in the field was recorded from the weather 
station, Department of Physics, A.M.U. Aligarh which is 
only hundred yards away from our field laboratory. The 
incubators were set at 15°C, 25°C, 30°C, 35°C, 45°C and 
50°C with 70±5% R.H. 'for control conditions. The egg —pods 
were moistened daily according to the requirement. 
The hoppers thus hatches were kept in glass jars 
and fed daily with fresh grasses. During individual as 
well as crowded rearing, observations were taken on all 
aspects of biology. On every stage of development, the 
morphometries was done for the developmental rate and 
differences between various biological stages. 
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POPULATION STUDIES 
The field observations on the population 
fluctuations were taken for two years (1984 and 1985). 
During different months of the year, random sampling and 
countings of hoppers and adults were made. The counting 
method was based on sweeping technique. A standard net was 
used for the collection of grasshoppers. Observations were 
made every 15th day for an hour in a specified infested 
area. The data thus collected were analysed & monthly 
plotting of population in the form of a graph was obtained. 
The observations for two consecutive years were taken to 
avoid errors in any change in the behavioural pattern (Figs. 
5, 6) . 
ENVIRONMENTAL EFFECTS 
During the studies on the life-history, various 
environmental factors such as temperature, relative 
humidity, food plants and their effect on the biology of 
these grasshoppers were analysed to find any significant 
bearing of the ecological factors. To compare the natural 
and controlled conditions some experiments in the 
laboratory such as the effect of temperature, relative 
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humidity and food plants on the incubation and copulation 
were computed and statistically analysed. 
GREGARIZATION 
The phenomenon of aggregation and gregarization 
was occasionally observed. Some morphometrical studies, 
based on body part measurements with the help of micrometer 
and dial Vernier calliper, were undertaken. Morphometrical 
observations might be of immense value to establish the 
theory of phase formation of acridoids in general. 
NATURAL ENEMIES 
During the course of routine collection of these 
grasshoppers, various natural enemies were recorded such 
as earwigs, red-mites and various insectivorous birds and 
their potential effects were also observed. The data thus 
obtained will reveal the significance of such natural 
enemies in the possible biological control of these 
agricultural pests. 
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CHAPTER-IV 
OBSERVATIONS 
Part - I : ECOLOGICAL STUDIES ON Oedaleus abruptus Thunberg 
(A) BIOLOGY 
(i) LIFE-CYCLE IN THE LABORATORY : 
(a) Adult : 
The adult of Oedaleus abruptus is a small to medium 
size acridid, and its integument is finely pitted. Antennae 
are filiform, little longer than head and pronotum 
together. Frons nearly vertical, fastigium of vertex is 
angular. Pronotum is relatively short, sides paralleled 
anteriorly, expanded posteriorly, usually a distinct light 
X-shaped marking on the dorsal surface. Anterior margin 
nearly straight, posterior margin obtusely angled. Only 
one transverse sulcus intersects median dorsal carina. 
Tegmina and hind wings fully developed extending 
well-behind hind knee and abdomen; apical half of tegmen 
nearly transparent. Hind wing with a broad dark band 
enclosing basal greenish yellow area. Hind femora 
relatively slender (Fig. 7A). 
Colouration is variable and is of great interest. 
Both green and brown forms exist and can even co-exist on 
•® 
Fig. 7. Male and female showing 
natural colour and size 
(A) Oedaleus abruptus 
Gastrimarqus africanus 
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a single individual. Dorsum of head usually pale; a 
longitudinal band on each side of median carina of 
pronotum/ laterally a dark stripe in which the pale 
X-shaped markings are usually very distinct. The tegmina 
is provided with three pale areas along basal half of 
leading edge. Hind tibae are red apically. 
The colouration pattern is not changed 
significantly in crowded condition. This is a slight 
deviation from the locusts behaviour in which the colour 
of the adults has been found very distinct when they are 
crowded or in isolation. The adults were kept in isolation 
as well as in crowded condition but there is no marked 
change in original colour pattern such as green and brown. 
Both green and brown forms were hatched from a single egg-
pod/ which means that Oedaleus abruptus exists in two 
colour forms and its reported gregarious behaviour does 
not affect the basic colour pattern. 
Measurements of adults (mm) : 
MALES FEMALES 
Length of the body 
Length of pronotum 
12.92-14.99 18.34-20.41 
(13.78± 0.115) (19.23± 0.119) 
2.51-3.23 
(2.91±0.046) 
3.36-4.00 
(3.84±0.036; 
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Length of tegmen 13.05-14.99 16.54-18.73 
(13.99± 0.115) (18.081 0.098) 
Length of hind femur 8.14-9.43 10.59-12.79 
(9.06±0.044) (11.83+ 0.126) 
(b) Copulation : 
The act of copulation in acridids is usually 
preceded by a more or less elaborate courtship behaviour 
which has not been investigated as such in most of the 
acridid pests. The courtship involves brisk movement of 
antenna in both sexes with lateral touching of the body 
surfaces. Sometimes maxillary palps in face to face posture 
are touched by each other and lasts for about an hour. The 
courtship period ends with abrupt jumping of the male on 
the dorsal side of the female. 
The copulating posture was found to be different 
in this case as against continuous riding by the male on 
the female which occurs in species with two sexes of 
similar size. Since the grasshopper under study having 
different sizes in which male is smaller than the female 
and thus unable to reach the tip of her abdomen with his 
own and, therefore, might adopt a 'dorso-lateral' posture. 
Sometimes when the male was unable to copulate with the 
dorso-lateral posture then it attaches itself to the female 
® 
• • s * 
Fig.8. Oedaieus abruptus 
(A) Copulation posture 
Egg-laying in a tube 
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in a 'hanging' posture. It was also found that during the 
copulation the initial proceedure was adopted as usual 
'riding' posture, secondarily it was changed to 
dorso-lateral and thirdly in a hanging posture and finally 
back to back position on the ground (Fig. 8A) . 
Though these findings are of academic interest but 
the present investigator attaches significance to the 
applied ecology related to control operation strategies. 
The period of copulation lasting about 34-100 minutes/ 
which is sufficient time for control operations because 
this is the period when this acridid pest remains 
aggregated and sluggish (Table 1). 
(c) Oviposition : 
The oviposition ecology involves movements of 
female before the actual egg-laying is connected with 
searching, locating or probing for suitable conditions and 
successful egg-laying process. The mechanism involves in 
oviposition is on typical acridian patterns such as 
digging, making false holes and preferential behaviour 
regarding soil conditions (Fig. 8B) . Some observations like 
period of oviposition, preferences towards soil, and 
fecundity of the individual female thus recorded may be 
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of some applied interest for finding a suitable situation 
in control strategies. The time taken for egg-laying 
process was recorded as an average of 83.88±3.93 minutes, 
while the minimum was 43.00 minutes and the maximum was 
165.00 minutes, respectively (Table 1). 
As pointed out, the structure of egg-pod indicates 
its considerable dependence on the oviposition habitat of 
the species particularly the soil condition. Thus in this 
species it was found that the position of egg-pods in 
relation to soil surface and changes in their -depth was 
in accordance to soil texture. In one of the findings the 
number of egg-pods in three different soil conditions were 
counted and the recording shows much preference for mud 
as compared to sand and badarpur (Table 2). This 
observation is very useful from the soil preferential value 
point of view and indicates the definite egg-laying sites 
of this species. The position of egg-pod has been different 
on different occasions. The egg-pods were straight where 
the watering of the egg-laying tube was without 
interruptions but in those egg-laying tubes where watering 
was delayed, the egg-pods were curved. This is probably 
because of soil moisture as indicated by earlier workers 
in some grasshoppers. 
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Table : 1. Time-table of copulation/ egg-laying and 
moulting processes. 
Name of Species 
Time (minutes) Oedaleus abruptus Gastrimargus africanus 
Copulation 34.00-100.00 35.00-95.00 
(62.76± 2.35) (59.86± 2.20) 
Egg-laying 43.00-165.00 70.00-190.00 
(83.88± 3.93) (128.90± 4.09) 
Moulting 10.00-25.00 16.00-32.00 
(17.34± 0.56) (24.50± 0.62) 
Mean ± S.E. is given in parentheses. 
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Table : 2. Number of egg-pods laid by Oedaleus abruptus and 
Gastrimargus africanus in different type of 
• soils. 
Name of species Name of soil 
Sand ^  Mud Badarpur 
Total 
egg-pods 
Oedaleus abruptus 42 76 35 153 
Gastrimargus 
africanus 
49 25 28 102 
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Other methods of oviposition : 
Basically the present species is hypodephic in 
nature but at times epidephic and epiphytic ovipositions 
are also recorded. The reason for this changing oviposition 
habit may be due to supermaturation of the gonads and 
failure in finding of suitable egg-laying sites. On few 
occasions it was found that this species oviposits in the 
broken stems of plants with pithy centres as in case of 
Chrysocraon dispar, but the hatching was very frequently 
observed that if the female is unable to find the 
egg-laying tubes/ it lays eggs on wood surface and wire 
mesh but they were found dried after short time. 
(d) Egg-pod and eggs : 
The size of egg-pod is mainly determined by the 
number of egg-layings per female . In this species the 
average number of egg-pods per female was found to be 
6.96±0.36 (isolated condition) and 6.40±0.34 (crowded 
condition) and the size of the egg-pod laid earlier was 
longer than the egg-pod laid later. This may be due to 
decrease in the number of eggs. 
The effects of the isolated and crowded conditions 
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on the fecundity of females of Oedaleus abruptus/ (Table 
49)/ show that there is a slight indication of their change 
in behaviour of egg-laying during aggregation. The average 
fecundity is also affected. 
The measurements of egg-pod of Oedaleus abruptus/ 
(Table 3)/ are of much interest as it shows a range of 
measurements. The Table 3 shows the actual length of egg-
pods minus the length of froth. The average number of eggs 
per egg-pod was found to be 14.53+0.27 (isolated condition) 
and this was not different under crowded conditions which 
indicates that the isolated and crowded conditions do not 
affect the average number of eggs per egg-pod/ laid by a 
single female. 
The majority of acridoids of temperate climates 
spend the longest part of their life-cycle in the egg 
stage/ the same is true with Oedaleus abruptus which lives 
in a hot climate with a long dry period. During this 
dormancy the eggs can withstand the impart of adverse 
conditions. 
(e) Incubation and hatching : 
The incubation period of Oedaleus abruptus was 
studied at different temperatures (Table 4) with reference 
43 
Table : 3. Measurements of egg and egg-pod of 
Oedaleus abruptus. 
(Data based on 25 observations) 
Indices Measurements (mm) 
Length of froth 10.80-22.60 
( 15.75±' 0.80) 
Length of egg part 10.50-19.40 
(15.24± 0.44) 
Total length of egg-pod 23.40-38.40 
(30.991 0.76) 
Width of egg-pod 3.43-4.77 
(4.01±0.07) 
Length of an egg 3.95-4.68 
(4.39±0.04) 
Width of an egg 0.85-1.20 
(0.95±0.02) 
Mean ± S.E. is given in parentheses. 
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to hatching period of eggs. It was found that the suitable 
temperature was 35±1°C for the shortest incubation period. 
The incubation and hatching was severely affected at 
IStl'C and 45±1°C. The results are given in Table 16. 
The effects of isolated and crowded conditions on 
the viability of egg-pods and eggs and incubation period 
of Oedaleus abruptus at 35±1°C with 70±5% R.H. were studied 
in order to ascertain the effect of crowding on the number 
of egg-pods, number of viable egg-pods, fertility, 
mortality and development of eggs per day in terms of 
developmental frequencies (Table 45). It shows that the 
crowding does affect the number, viability and developmen-
tal frequencies of the eggs. This behaviour can be 
attributed to a locust type behaviour shown by the other 
locust species. In other words, it can be inferred that 
the crowding in Oedaleus abruptus puts the species in a 
stage which can be called as 'locust in making'. The 
observations on the number of eggs hatched and their 
respective percentage, total incubation period inclusive 
of minimum and maximum and development of eggs per day in 
relation to five different temperature exposures ranging 
from 15±1°C to 45±1°C show tremendous ecological bearing 
of temperature on the hatching of this species. The average 
lowest percentage of eggs hatched (55.81%) was at 25±1°C 
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• and the average highest percentage of hatching went up to 
76.38% at 35±1°C. In both cases the relative humidity was 
70±5%. Likewise the average incubation period was the 
longest (34.40 days) at 25±1°C and the shortest (20.43 
days) at 35±1°C. In the same manner the development of 
eggs per day thus calculated was the slowest (2.95%) at 
25±1°C and the fastest (4.98%) at 35±1°C. There was no 
hatching at 15±1°C and 45±1°C (Table 4). 
The role of temperatures as recorded under 
controlled conditions corresponds to that of natural 
conditions. It was observed when the atmospheric 
temperature was around 30°C and with 70.0% R.H., the 
hatching was at its maximum. 
Miscellaneous observations : 
During studies on egg mortality, the effect of high 
temperature on eggs was recorded as there was 100% 
mortality above 40°C and there was no hatching below 18°C. 
The resistance of eggs to low temperature and high 
temperature was investigated from the survivality of eggs 
of this species which is of much significance as they 
hibernate at that stage. When eggs were kept at -5°C for 
about 10 hours, the percentage of mortality was found to 
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be 20-25%, while at 44°C for 20 minutes, the percentage 
of mortality was found to be 15-20%. This is a relevant 
observation which can be attributed to the hibernation 
behaviour of the species at low temperatures and 
aestivation at higher temperatures. It was also noted that 
excess watering of egg-pods cause egg mortality. 
The egg mortality was also recorded when the egg-
laying tubes were exposed to solar radiation for about 
8 hours a day and more severe mortality was observed when 
the muddy water was placed on top of the egg-pods. 
(f) Development of hoppers : 
According to Uvarov (1966) the term hopper may 
be regarded as a colloquial one, but it is less liable 
to mislead than such terms as nymph, or larva. In this 
text the word hopper is being used for immature stages 
of the grasshopper before it becoms an adult. 
The development of hoppers consists of growth 
associated with periodic moults. The first instar hopper, 
immediately after the intermediate moult, is called a 
'hatchling'. Its colour is yellowish-creamy and gradually 
becomes darker after a few minutes. 
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The total growth of newly moulted hoppers was 
estimated by measuring the increase in the total body 
length and weight at the beginning of each instar/ before 
feeding . 
During hopper development an instar-wise weight 
of the hoppers and the rate of increase comes to 3.00-
6.00 mg in case of male and female first instar hoppers. 
In the male, having five instars, the rate of increase 
in body weight was found to be highest in second instar 
as 2.32 while lowest as 1.57 in the fourth instar. But 
female hoppers, with six instars, have shown the rate of 
increase in body weight highest in the second instar as 
2.33 while lowest as 1.33 in the sixth instar (Table 5 
Figs. 9, 10) . 
The first instar hopper measures 5.15 mm and goes 
up to 11.87 mm in male, while in case of female the first 
instar hopper measures 5.15 mm and reaches up to 16.17 
mm in the sixth instar before becoming adult. The mean 
rate of increase of body length between instars in both 
sexes was calculated as 1.22 in males and 1.24 in females 
(Tables 6, 7) . 
The measurements of various body parts of the 
hoppers of Oedaleus abruptus were taken and the rate of 
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Rates of increase in length and in weight of 
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Oedaleus abruptus Thunb., during their life span. 
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increase in various instars in both sexes were calculated. 
Nineteen body parts thus measured were the length and 
width of body; length of antenna; width of vertex between 
the eyes; vertical and horizontal diameter of eye; maximum 
width of head at genal level; length, height, maximum and 
minimum width of pronotum; length of sternum; minimum 
width of mesosternal interspace; minimum and maximum width 
of metasternal interspace; length of the anterior, middle 
and hind femur and width of hind femur. 
These body parts were selected for measurement 
as these have been considered important for behavioural 
studies by various workers in the field of acridology. 
Such body parts were measured in all stages of biology, 
starting from first instar hopper up to an adult in both 
sexes. The mean ratio of increase in size during 
development and growth were different in several body 
parts with variable magnitude. These observations are of 
applied nature as to study the morpho-ethological 
variations in a polymorphic acridid species. The 
measurements are given in Tables 6, 7 with all 
calculations and are self explanatory. It is to be noted 
that the mean rate of increase in case of males was 
highest in the length of antenna (1.34) and lowest in the 
width of vertex between the eyes and minimum width of 
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pronontum (1.15), while in case of females it was highest 
in the minimum width of metasternal interspace (1.43) and 
lowest in the vertical and horizontal diameter of eye 
(1.16). The rate of increase instar-wise up to the adult, 
in all body parts, gives an overall picture of changes 
in this species which is basically a solitary, 
non-gregarious but showing occasional aggressive and swarm 
forming behaviour. These measurements are important with 
respect to possible polymorphic behaviour of this 
grasshopper . 
The development of tegmina and wings in acridoids 
has already been considered as a special feature for 
distinguishing between hopper instars. In the first instar 
hopper, the lower posterior angles of the mesonotum and 
the metanotum do not show any differentiation but in the 
second instar they become somewhat extended and punctured, 
and in the subsequent instars they appear as 
rounded-triangular lobes, directed obliquely downward with 
distinct traces of longitudinal ridges, which are 
tracheae, later to become axillary vein; their number 
in the hind wings of Oedaleus abruptus increases at each 
moult. The striking change occurs in the alar rudiments 
in the second instar and both pairs of rudiments turned 
on their axes so that the outer surfaces become the inner 
54 
and the rudiments of tegmina (attached to the mesonotum 
become covered by those of the wings, both lying dorsally 
and directed obliquely upwards). The reversal of the alar 
rudiments thus divided the hopper instar into two 
distinct groups. The instar in which the reversal occurs, 
varies according to the total number of instars and may 
differ in two sexes of the same species. In case of 
Oedaleus abruptus, the instars pass through different 
number of instars in the two sexes. In this case, 
rudiments are lateral up to third instar and rudiments 
reversed in the fourth and fifth instars before becoming 
adult. This is in case of males (having five hopper 
instars), while in females rudiments remain lateral up 
to the fourth instar and rudiments reversed in fifth and 
sixth instars before becoming adult. The reversal of alar 
rudiments in male and female of this species having 
different numbers of instars are illustrated in Figs.14, 
15 and Table 8. 
On the basis of hopper instars in which reversal 
of alar rudiments occurs differently in the two sexes, 
which may be of significance in the male and female 
distinctive mature stages. 
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The sexual differentiation of the terminal 
abdominal segment and of the external genitalia in 
different instarS/ as well as in the two sexeS/ can be 
distinguished in hoppers without any difficulty. The 
changes in external genitalia during the development of 
Oedaleus abruptus are shown in Figs. 16/ 17. The only 
noticeable change is found at the stage of final instar 
in two sexes. Female has six instars in which both upper 
and lower valves are longer than paraprocts, while in 
case of male there are five instars, where subgenital 
plate is elongate-parabolic, much longer than paraprocts. 
Such descriptions and identifications for hoppers are 
particularly needed for ecological studies in which it 
is essential to distinguish between species in mixed 
population from their instars. A comparative description 
on the changes of the terminal abdominal segments during 
the development in both sexes are as follows: 
Instar Male Female 
I Subgenital plate semi- Upper ovipositor valve short, 
circularly excised at triangular, subacute, separa-
apex, with short obtu- ted by a deep rectangular 
se lobes covering excision. Lower valves trans-
only base of para- verse, fold at bases of upper 
procts. valves. 
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II Subgenital plate narro-
wed to apex which 
has a shallow exci-
sion and reaches 
middle of paraprocts. 
Upper ovipositor; valves 
longer, acute separated by 
deep and acute excision. 
Lower valves broadly triangular^ 
separated by acutangular 
excision. 
Ill Subgenital plate narro-
wed to apex which has a 
little shallow excision/ 
reaching beyond middle 
of paraprocts. 
IV Subgenital plate with 
narrowly parabolic apex, 
reaching almost to apex 
of paraprocts. 
V Subgenital plate elong-
ate-parabolic, much 
longer than paraprocts. 
VI 
Upper ovipositor valves broa-
der, separated by an excision 
Lower valves little smaller 
than upper valves. 
Left and right ovipositor 
valves separated along the 
middle line. Upper valves 
shorter than paraprocts. 
Upper and lower valves 
separated along middle line, 
reaching almost to apex to 
paraprocts . 
Both upper and lower valves 
longer than paraprocts. 
58 
The moulting from one hopper instar to the next 
is essentially a biological repeatition. The hopper climbs 
a plant or twig and hangs head downward thus utilising 
the gravity in the process but it was notable that 
impartial moultings do occur, when there is over-crowding 
in the cages. Such impartial moultings lead to various 
deformities which are manifested in various morphological 
changes but having no adverse effect on the reproductive 
potential. This is a new observation hitherto unknown. 
The variation in the number of hopper instars 
between species or in a single species taking sexes into 
account, have already been reported by various 
acridologists. The sub-family Oedipodinae shows variation 
in a number of instars in both sexes and thus the duration 
of hopper development period of this species at 35±1°C 
and 70±5% R.H., has been recorded (Table 9, 10), which 
shows significantly different hopper development period 
in both sexes if the instar numbers are changed. It is 
to be noted that if the average total hopper duration 
reduces or increases as in case of this species it 
indicates the number of instars. In this species male 
cycle with five instar hoppers having 32.48±1.06 days 
average hopper duration, while female cycle with six 
instar hoppers having 37.56±0.98 days average hopper 
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Table : 10. Summary of life-history of Oedaleus abruptus in 
the laboratory at 35±1°C and 70±5% R.H. Hoppers 
and adults fed on grass, Cynodon dactylon. 
Length of periods 
(days) 
Male Female 
Average total hopper 
development period 
26.00-46.00 30.00-45.00 
(32.48± 1.06) (37.56± 0.98) 
Pre-copulation period 4-00- 9.00 
(6.04± 0.33) 
4.00- 9.00 
(6.24± 0.32) 
Pre-oviposition period 3.00- 9.00 
(5.48± 0.32) 
Oviposition period 8.00-36.00 
(24.68± 1.67) 
Post-oviposition period 1.00- 6.00 
(3.08± 2.02) 
Longevity of adults 21.00-59.00 22.00-56.00 
(38.60± 2.05) (39.84± 2.02) 
Total life span 55.00-90.00 57.00-93.00 
(71.08± 1.97) (77.40± 2.26) 
Mean ± S.E. is given in parentheses 
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duration. This confirms that the number of instars are 
directly linked with hopper duration. This observation 
is also a new one. 
Variations in the number of hopper instars : 
Variation in instar hopper number within the 
species is of an ecological interest. These have been 
regarded as abnormalities which is not true in view of 
the present observations. When the laboratory and field 
populations were compared in terms of percentage of instar 
hopperS/ it was found that the laboratory population in 
this species mostly consists of 80%, fifth instars, in 
males and sixth instars in females. On calculations the 
sixth instar was found ranging from 6-7% and this can be 
attributed to two factors, namely control conditions and 
environmental conditions. This behaviour of the species 
for having an additional instar can also be attributed 
with their ecological adaptation to the rapid changing 
climatic condition and changes in preferred food 
availability. 
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DESCRIPTION OF HOPPER INSTARS : 
First instar hopper : 
The fteshly hatched nymphs are pale brown in 
colour with brownish dots dorsally, paler ventrally; head 
is pale brown bearing brown markings; two anterior pairs 
of legs, pale with brownish markings, hind pair is 
pinkish. Wing rudiments indistinct. Average body length 
of males 5.15 mm, females 5.26 mm. Antennae with 16 
segments (Figs. 13, 20). 
Second instar hopper : 
Brownish dorsally, paler ventrally, dim dots on 
the body. Head brown with few blackish dots. Hind legs 
brown with prominent black dots and stripes. Wing pads 
present. Sexes more distinct. Ovipositor valves of female 
present. Average body length of males 6.75 mm, females 
6.61 mm. Antennae with 19 segments (Figs. 13, 21). 
Third instar hopper : 
Similar to second instar except the tips of 
antennae and hind tibae are darker. Wing pads more 
distinct. Ovipositor valves very clear. Average body 
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length of males 7.98 mm, females 7.73 mm. Antennae with 
22 segments (Figs. 13, 22). 
Fourth instar hopper : 
General colouration dull brown with small black 
dots and stripes dorsally, pale ventrally; wing buds 
reversed in males. Average body length of males 10.17 mm, 
females 9.95 mm. Antennae with 23-24 segments (Figs. 13, 
23) . 
Fifth instar hopper : 
General colouration brownish, eyes, antennae, head 
and thorax darker than in previous instar. Wing buds 
reversed in females. Average body length of males 11.87 
mm, females 12.69 mm. Antennae with 24-25 segments. Males 
becoming adult following the moult at the end of this 
instar (Figs. 13, 24). 
Sixth instar hopper(female only) : 
General colouration dull, dark brown dorsally, 
light brown ventrally. Ovipositor valves well developed 
and become black. Aveage length of body is 16.17 mm. 
Antennae with 26 segments (Figs. 13, 25). 
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F i g . 13. Oedaleus abruptus Thunb., growth oi the 
antenna from the 1st instar hopper to 
the adult, line = 1:0 mm. 
F i g . l A . Oedaleus abrup tus Thunb., g rowth of 
w ing r u d i m e n t s in m a l e s . 
F i g . 1 5 . Oeda leus a b r u p t u s Th unb . , g r o w t h of 
w ing r u d i m e n t s in fema les . 
IV 
II 
5G 
F i g . 1 6 . O e d a l e u s a b r u p t u s Thunb. , g r o w t h of 
ex te rna l g e n i t a l i a in males from 1st instar 
hopper to a d u l t , f r o m be low. SG, subgen i t a l 
p l a t e ; P , p a r a p r o c t . 
II 
VI 
F i g . 1 7 Oeda leus a b r u p t u s Thunb., g rowth of externa l 
g e n i t a l i a in females f rom 1st i ns ta rhoppe r to 
a d u l t , f rom below. LV, lower oviposi tor valves^ 
UV, upper ov iposi tor valve s ; P, pa rap roc t . 
IV 
Ad 
Fig.18. 0 eda leus ab rup tus Thunb.^ g rowth of the 
m a n d i b u l a r teeth in males f rom 1st instar 
hopper to a d u l t . 
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IV 
VI 
Ad. 
F ig .19 . Oed a leus a b r u p t u s Thunb., g rowth of the 
mand ibu la r t e e t h in f e m a l e s f rom 1st instar 
hopper to adu l t . 
F i g . 2 0 . Oedaleus abruptus Thunb. 
I Ins tar hopper (A) Male;(B) Female 
F i g . 2 1 . Oedaleus abruptus Thunb. 
II Ins tar hopper (A)Male;(B) Female 
F i g . 2 2 . Oedaleus abrup tus Thunb. 
HI Instar hopper (A)Male;(B)Female 
F i g . 2 3 . Qedateus ab rup tus Thunb. 
IV Instar hopper(A)Male;(B)Female 
F i g . 2 4 . Qedaleus abrup tus Thunb. 
V Instar hopper (A)Male;(B)Female 
Fig,25. Oedaleus abruptus Thunb. 
YI Instar hopper Female 
F i g . 26. Oedaleus abruptus Thunb. 
(A) Male (B) Female 
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About nineteen body parts of all stages of hoppers 
including adults of both sexes were measured in order to 
have comparative rate of increase and the developmental 
mean rate which have been tabulated and calculated and 
are self explanatory (Tables 6, 7). In the development 
of hoppers to prepare a key for the hoppers and the 
adults, the number of antennal segments have been 
considered quite significant. The number of antennal 
segments in each hopper have been described above and for 
diagram see Fig. 13. 
The mandibles of the hoppers are typically of 
herbivorous type as these are overlapping and 
interlocking, incisor dents pointed; left dents not longer 
than right; molar lobe with several sub-conical dents 
(Figs. 18, 19). 
Application of Dyar's law : 
The Dyar's law (1890) was applied in lepidopterous 
larvae. This law can also be applied in case of acridoids 
where successive formation of instars is a progressive 
development. The measurements of head width of the 
successive instars were made separately in both sexes and 
within the same sex. 
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Table : 11. Application of Dyar's Law on the hoppers of 
Oedaleus abruptus. 
Sex Hopper 
Instars 
I 
II 
III 
IV 
I 
II 
III 
IV 
V 
I 
II 
III 
IV 
V 
I 
II 
III 
IV 
V 
VI 
observed 
width of 
head of 
hoppers 
(mm) 
1.26 
1.52 
1.96 
2.48 
1.26 
1.48 
1.75 
2.23 
2.51 
1.26 
1.59 
1.96 
2.70 
3.44 
1.21 
1.52 
1.76 
2.11 
2.77 
3.50 
Calculated width of 
head of hoppers 
(mm) 
Male with 4-hopper 
instars 
Male with 5-hopper 
instars 
Female with 5-hopper 
instars 
Female with 6-hopper 
instars 
1.26x1.25-1.58 
1.52x1.25=1.90 
1.96x1.25=2.45 
1.26x1.19=1.50 
1.48x1.19=1.76 
1.75x1.19=2.08 
2.23x1.19=2.65 
1.26x1.29=1.63 
1.59x1.29=2.05 
1.96x1.29=2.53 
2.70x1.29=3.48 
1.21x1.24=1.50 
1.52x1.24=1.88 
1-76x1.24=2.18 
2.11x1.24=2.62 
2.77x1.24=3.43 
Calculated width of head = Observed width X Average ratio of 
of head increase in width 
of head 
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Fig .27 Application of Dyar's law on the hopper instars of 
Oedaleus abruptus Thunb. 
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The head width in successive instars increases 
in a geometrical progression (Fig. 27). The average 
increase in each instar 1.25 and 1.19, respectively for 
the male hopper instars having 4- and 5-hopper instars 
to become an adult stage and 1.29 and 1.24, respectively 
for female hopper instars having 5- and 6-hopper instars 
to reach the adult stage. The calculated head width is 
found close to the observed head width (Table 11). These 
figures are enough to determine the instars and eliminate 
any possibility of missing an ecdysis in the life-cycle. 
Although the above figures are not completely identical 
in nature but these are sufficiently close to infer that 
the increase in the head width follows Dyar's law. The 
slightest variation in ratios may be due to less number 
of measurements in each instar and also because of sex 
differentiation and variation in number of instars. 
(ii) LIFE CYCLE IN THE FIELD : 
There are two generations in a year, the first 
hatching was recorded in June, 1984 and such hatchings 
continued up to August. Development continues up to 
October, in which month they attain maturity and complete 
copulation takes place. By November egg-laying takes place 
which goes up to second or third week of November. Such 
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eggs hibernate during the month of December and January, 
which is often regarded as typical of acridbids and common 
in temperate climates with cold winters as found in 
Aligarh. This may be considered as a winter diapause. 
Hatching starts in the first or second week of February 
and continues up to the last week of March. The second 
hatching completes hopper development up to April or first 
week of May and then they attain sexual maturity. In this 
manner second generation starts from the month of February 
and is completed in April. Thus the first generation 
passes through the fourth week of April to the first week 
of November and the second generation passes through the 
second week of November to the third week of April. There 
was no obligatory diapause but facultative or winter 
diapause can not be ruled out. The above description is 
based on complete recordings of two generations in the 
year, 1984 and 1985. Overlapping generations and the 
population of Oedaleus abruptus throughout the year 
suggests that there are more than two generations a year. 
It can be added on the basis of field experiences that 
this species can not be placed in diapause category. 
There are considerable variations in the hatching 
dates of Oedaleus abruptus, which can be attributed to 
differences in temperature regimes experienced by egg-pods 
laid with different exposures, in the type and moisture 
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content of the soil and in other macro-meteorological 
factors. These were not investigated further as the 
present studies were carried out mostly under controlled 
and laboratory conditions. 
The seasonal variations in the population of 
Oedaleus abruptus in different months of the year, 1984 
and 1985 are based on fortnightly capture for counting 
purposes in accordance to the temperature, relative 
humidity and rainfall of differnt months (Figs. 5, 6, & 
28) . 
It was found that the adults available in the 
month of December and January can sustain cold regime of 
temperatures but the reproductive development remains 
suspended. Likewise, the hopper stages, mostly the late 
instar hoppers found in severe cold can also sustain such 
low extremes of temperature with slowest developmental 
rate. These findings suggest that extremes of low 
temperature do have a bearing on the hopper and adult 
temporary diapause, which is not a true diapause and can 
be attributed as to 'combat period' with ecological odds 
like two temperatures. Actually this is simply a 
suspension of developmental activities for the time 
being, showing ability of an ecological adaptation. 
69 
CHAPTER-IV 
(B) POPULATION STUDIES 
The population studies of Oedaleus abruptus/ take 
into account seasonal variations in numerical abundance 
of all stages with special reference to variations in sex 
populations. In addition to it/ special importance was 
attached to its small scale movements. 
(a) Seasonal variations : 
Oedaleus abruptus is found/ throughout North 
India, year round even during extreme cold and hot 
weather. It is mostly abundant in short grasses like 
Cynodon dactylon Pers./ and in tall grasses like Panicum 
psilopodium Trin. The local open savanna in Aligarh 
consists of the following grasses : 
Cyperus rotundus Linn./ Paspalum distichum Linn./ Seteria 
glauca (L.) Beauv./ Andropogon adoratus Linn./ Panicum 
psilopodium Trin.^ Cynodon dactylon Pers. and Cyperus 
rotundus was found to be mostly preferred by Oedaleus 
abruptus. It was also found that there were two complete 
generations in a year with overlapping of various nymphal 
stages of the'third generation. In this way their numerical 
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presence was recorded throughout the year. The most 
populous phase was found in September and October, while 
the population at the lowest ebb in the month of December 
and January. The records of seasonal variation in the 
population of Oedaleus abruptus during 1984 and 1985 along 
with their population in different months of the year are 
shown in Fig. 28. These data are based on fortnightly 
collection with all regularities. To co-ordinate and 
compare the relative abundance in different months of the 
year, meteorological data showing temperature/ relative 
humidity (R.H.) and rainfall were also recorded. It is 
inferred that the increase in population is associated 
with the rainfall and sustained temperature, mostly on 
higher side, which has facilitated the hatching of 
hoppers, early development of hoppers and quick attainment 
of adult stage. For meteorological data see Figs. 5, 6 
and 28 for seasonal variations. 
It is noteworthy that the population of this 
species was never found as zero. It might have gone to 
a very low stage but there was no occasion when the 
Oedaleus abruptus was not found in and around Aligarh. 
(b) Variations in sex population : 
The ratios in, the nymphal instar for the years. 
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Oedaleus abruptus Thunb. 
71 
1984 and 1985/ were recorded in a number of samples, 
chiefly obtained by net sweeping. The sex ratios of the 
adult in the same year have been recorded for all the 
specimens. The sex ratio in Oedaleus abruptus was almost 
1:1 in first instar hoppers; it oscillates in subsequent 
nymphal instars while in adults there was an excess of 
females. Sometimes, the excess of males was also recorded 
during good populations of third and fourth instar 
hoppers. This excess of male was mostly found in the month 
of September which dwindles significantly in October but 
the females out-numbered males during October and 
November. This is probably because of short age of males 
and eventual death due to exhaustion after copulation with 
females. The female sex ratio starting from first instar 
down to the mature adult remains relatively uncomparable 
with male sex instars and adults. 
(c) Small scale movements : 
During summer season of the years 1984 and 1985, 
an investigation, into the factors influencing movements 
in this grasshopper, was undertaken at Aligarh. To 
investigate the small scale movements of nymphal stages, 
alternative plots were marked. The available grass plot 
was divided into the following 3 alternative habitats as: 
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1. grass between 5-6 inches 
2. grass cut to within an inch to the ground 
3. bare ground with an occasional tuft of long 
grass. 
It was found that there is a significant 
difference between number of hoppers leaving and entering 
each alternative areas. 
It was also observed that the slopes effect the 
number of grasshoppers entering short grasses only. This 
is to say, significantly more hoppers entered the short 
grasses at the bottom of the slope than at the top. 
The small scale movements of the adults were 
recorded in the same manner and only two types of habitat, 
long and short grass were used (Fig. 29). Further, the 
effect of the time of the day was also considered during 
observations, it was observed that more males left the 
short grass than the long grass, while more females left 
the long grass than the short grass. Overall movements 
were more pronounced in males than in females. All 
observations are based on visual inspections during the 
course of experimentation with a view to assess the impact 
of habitat on various nymphal stages and adults as well. 
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These observations may be of immense value to the plant 
protection for assessing the population fluctuations with 
reference to immature and mature stages. 
r t * . ^ - ' ' " 
^ * ^ 
> ^ . < 
* : ^ 
Fig. 29. Natural habitats of 
Oedaieus abi j jp ius 
Gastrimarqus africanus 
Open savanna 
Breeding area 
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CHAPTER-IV 
(C) ENVIRONMENTAL FACTORS 
(i) TEMPERATURE : 
Effect of temperature on various activities of 
the pest under study has shown a significant pattern 
regarding temperature gradient for hatching, incubation, 
daily rate of development and growth. Temperature is an 
abiotic factor of the environment and certainly plays a 
decisive role in the life of the insect. The effect of 
temperature as an environmental factor has been studied 
under four categories, namely, eggs, fertility, hopper 
development and locomotary behaviour. 
(a) Effect of temperature on eggs : 
Table 4 includes the results pertaining to the 
effect of different temperatures on the hatching and 
hatchability of the eggs. The incubation periods have also 
been recorded. The relative humidity was constant (70±5%) 
but the temperature was variable from 15°C to 45°C. There 
is no hatching at IS'C and 45°C. This experiment was done 
with five hundred eggs at various occasions. As regards 
the incubation, the temperature ranging from 25''C and 
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35°C have shown degrees of incubation period. The 
percentage of hatching has also been calculated at various 
temperatures as mentioned in Table 4. The temperature 
range of the survival percentage has also been recorded. 
(b) Effect of temperature on fertility : 
The fertility is referred to the number of eggs 
hatched in one life—cycle. Temperature gradient and its 
variables have shown various potentials of hatching or 
rather successful hatching and thus found to be 76.38% 
at 35°C when 764 eggs were incubated. Contrary to it there 
was only 55% hatching when eggs were incubated at 25°C. 
Such variabilities and their effects are shown in Table 4. 
(c) Effect of temperature on hopper development : 
Temperature does affect the developmental 
processes of various nymphal stages in this insect with 
special reference to two different sexes and their 
survival percentage at varying temperature. It was 
recorded that the temperatures, ranging from 25°C to 
45°C, have various potentials of developmental rate and 
the survival percentage of hopper was found to be highest 
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of hoppers of Oedaleus abruptus Thunb. 
in relation to temperature. 
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at 35°C as 55.83% (Table 12). The developmental rate of 
the hopper period along with per day developmental rate 
was found to be highest at 35°C. These observations seem 
to be in agreement with the natural life and living in 
wilderness with variables of abiotic factors. 
(d) Effect of temperature on locomotory behaviour : 
In an experimental cage all the nymphal instars 
were studied at different levels of temperature maintained 
constantly. The slowest locomotory activity was found 
at 15°C which gradually increased when transferred to 25°C 
and became maximum between 30°C and 35°C. The brisk 
locomotory behaviour in all nymphal stages including newly 
hatched adult was found to be at 42°C but retarded when 
temperature was raised to more than 44°C eventually 
causing death-
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(C) ENVIRONMENTAL FACTORS 
(ii) HUMIDITY : 
The relative humidity of the air does affect 
various physio-ecological activities of acridoids as 
evident from the literature available. The kinetic effect 
of humidity has also been significantly studied. Humidity 
has its limits and creating zone of variable humidities 
and subsequently the activities of hoppers and adults have 
been recorded differently in wet and dry zones, 
respectively. The present observations was based on a 
constant temperature and variables of humidities in order 
to ascertain the effect of only relative humidity of 
soil, oviposition sites, on the development of hoppers 
and fecundity of the pest under study. 
(a) Effect of soil moisture on egg development : 
Effect of soil moisture on egg development was 
carried out in complete absence, presence and in abundance 
or excess of moisture in the soil. 
In the present experiment, three egg-laying tubes 
with egg-pods were selected in which not even a drop of 
water was provided in first one while the second one was 
kept barely moist and the third one remained flooded. The 
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eggs in the first tube in which the moisture was 
completely absent failed to hatch, while in the second 
set where the soil was continuously moist, yielded about 
76% hatching and in the third set, which was flooded, the 
eggs were completely destroyed. 
(b) Effect of moisture on the selection of oviposition 
sites : 
The present species under study was tested with 
three different soils namely, completely dried, moist 
and flooded. 
Various mature females were forced to lay eggs 
in these tubes. Only the tubes containing moist soil were 
selected by the females for the egg-laying and the other 
two tubes with dry and flooded soils were completely 
avoided. 
(c) Effect of relative humidity on hopper development : 
It is evident from available literature that 
development is affected with the absence and presence of 
relative humidity, therefore, the present set of 
experiment was undertaken to observe a similar effect 
of variable humidities on the development of the species 
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as found with variable temperatures. Completely dry 
conditions with 5-10% R.H. decrease the development and 
affect the general health of the hoppers and prolonging 
the life-span. Most preferred relative humidity ranges 
between 50-80% with relatively normal development of 
hoppers and have shown normal completion of life- cycle 
span. However, humidities alone around 100% are not 
conducive to normal developmental process but are rather 
detrimental. 
(d) Effect of relative humidity on fertility : 
During this investigation, it was found that the 
fertility was very low (10-12%) at relative humidities 
ranging from 5-15%, while it has been at a high level (70-
80%) when subjected to humidities ranging from 50-80%. 
It was noted critically that the combination of preferred 
temperature and humidity may raise fertility to a level 
of 90% success. 
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(C) ENVIRONMENTAL FACTORS 
(i i i) FOOD : 
(a) Effect of food plants on the development : 
The quality and quantity of food has a direct 
bearing on the development of various stages of insect 
during the completion of life-cycle. In the present study 
various food plants have shown significant effects on the 
development of nymphal and adult stages. Table 13/ shows 
the results of the effect of different food plants on the 
hopper development period and the daily rate of 
development of Oedaleus abruptus. It was found that the 
food plants do affect sexual and hopper development period 
and development of hoppers per day (Fig. 31/ 32). 
Saccharum officinarum and Cyperus rotundus/ though 
dominant food plants in insect's breeding areaS/ have 
different effect on the hopper developmental periods and 
on sexes which in case of the latter shows the minimum 
developmental period to be 26.87 days in males&30.78 days 
in females and in case of former to be 58.60 days in males 
and 66.50 days in females. The decreasing effectiveness 
of the other 14 food plants tested for the developmental 
period are of significance. Similarly the development of 
hoppers per day in terms of percentage in relation to 
various food plants have also been calculated. These 
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Table : 13. Effect of different food plants on the hopper development 
period and daily rate of development of Oedaleus abruptus 
reared at 35±1°C and 70±5% R.H. 
Name of food plants Sex Hopper develop-
ment period 
(days) 
Development of 
hoppers/day 
(%) 
Cyperus rotundus 
Panicum psilopodium 
Cynodon dactylon 
Seteria glauca 
Zea mays 
Brassica oleracea 
Var - botrytis 
Sorghum vulgare 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
20.00-36.00 
(26.87± 0.78) 
23.00-46.00 
(30.78± 1.21) 
21.00-32.00 
(27.16± 0.68) 
23.00-39.00 
(31.06± 1.44) 
21.00-41.00 
(28.62± 0.79) 
23.00-42.00 
(31.77± 1.06) 
24.00-42.00 
(30.05± 0.89) 
26.00-55.00 
(36.93± 1.15) 
27.00-36.00 
(30.27± 0.54) 
28.00-42.00 
(35.11± 0.92) 
28.00-36.00 
(31.60± 0.85) 
27.00-39.00 
(34.83± 1.74) 
27.00-50.00 
(34.48± 1.32) 
30.00-44.00 
(37.00± 0.72) 
2.78-5.00 
(3.82±0.11) 
2.17-4.35 
(3.37±0.12) 
3.13-4.76 
(3.73±0.10) 
2.56-4.35 
(3.33+0.16) 
2.44-4.76 
(3.59±0.09) 
2.38-4.35 
(3.25±0.11) 
2.38-4.17 
(3.38±0.09) 
1.82-3.85 
(2.78±0.09) 
'2.78-3.70 
(3.33±0.06) 
2.38-3.57 
(2.88±0.08) 
2.78-3.57 
(3.19±0.08) 
2.56-3.70 
(2.91±0.17) 
2.00-3.70 
(2.98±0.10) 
2.27-3.33 
(2.73±0.06) 
Contd . ,83 
Triticum aestivum 
Solanum tuberosum 
Male 
Female 
Male 
Spinacia oleracea 42.00-50.00 
Female 
Male 
Female 
Male 
Andropogon adoratus 34.00-48.00 
Female 
Male 
Trifolium alexandrinum 
Male 
Female 
Male 
Male 
Mean ± S.E. is given in parentheses 
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, 29.00-48.00 2.08-3.45 
(35.55± 0.75) (2.86±0.06) 
Paspalum distichum 30.00-48.00 2.08-3.33 
temaj.e (38.08± 1.09) (2.67±0.08) 
32.00-44.00 2.27-3.13 
(37.44+ 0.83) (2.69+0.06) 
36.00-48.00 2.08-2.78 
(41.15± 1.00) (2.45±0.06) 
33.00-42.00 2.38-3.03 
(37.67± 1.28) (2.67±0.09) 
2.00-2.98 
(46.25± 1.52) (2.17±0.08) 
35.00-42.00 2.38-2.86 
(38.00± 1.30) (2.64+0.09) 
39.00-46.00 2.17-2.56 
(43.00± 2.08) (2.33±0.12) 
32.00-45.00 2.22-3.13 
(38.19± 0.94) (2.64+0.07) 
2.08-2.94 
(40.25± 1.24) (2.51±0.07) 
33.00-51.00 1.96-3.03 
(39.25± 1.43) (2.58±0.09) 
Brassica compestris 35.00-54.00 1.85-2.86 
temaie ( 4 5 , 5 0 + 2 . 9 6 ) ( 2 . 2 5 ± 0 . 1 6 ) 
3 6 , 0 0 - 4 8 . 0 0 2 . 0 8 - 2 . 7 8 
( 4 2 . 2 3 ± 0 . 8 3 ) ( 2 . 3 9 ± 0 . 0 5 ) 
4 2 . 0 0 - 5 5 . 0 0 1 . 8 2 - 2 . 3 8 
( 4 9 . 3 1 + 0 . 7 2 ) ( 2 . 0 4 1 0 . 0 3 ) 
4 0 . 0 0 - 5 2 . 0 0 1 . 9 2 - 2 . 5 0 
( 4 5 . 7 1 ± 1 . 7 0 ) ( 2 . 2 0 ± 0 . 0 8 ) 
L y c o p e r s i c o n l y c o p e r s i c u m 5 0 . 0 0 - 5 8 . 0 0 1 . 7 2 - 2 . 0 0 
Female (54.75± 1.70) (1.83±0.06) 
55.00-64.00 1,56-1.82 
(58.60- 1.60) (1.71±0.05) 
Saccharum officinarum 60.00-72.00 1.39-1.67 
Female (66.50± 1.39) (1.51±0.03) 
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observations were found to be extremely significant 
because of one fact that the food plants in the habitat 
are the biotic factor with differences in effectiveness. 
Presence or absence of such food plants will certainly 
determine the rate of hopper development with reference 
to sexes as well . 
(b) Effect of food plants on the survivality of nymphal 
stages : 
The significance of food plants for the 
survivality of nymphal stages or survival percentage along 
with hopper duration and growth index of Oedaleus abruptus 
was recorded. As evident from Table 14/ twenty two food 
plants belonging to various families were used. The number 
and percentage of hoppers which attained adult stage and 
average hopper development period represent the total 
growth index. The growth index was calculated by taking 
percent hoppers reaching adult stage as 'n' and the 
average developmental period as 'P'. The 'n/p' ratio 
shows that out of twenty two plants, six have no bearing 
on the survival percentage. The highest average development 
(68.89%) of hoppers reaching adult stage took place by 
feeding on Paspalum distichum and the lowest (8.89%) on 
Solanum tubersosum. Other food plants have been arranged 
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in accordance to their effectiveness. This gives a food 
preferential index within the habitat and the abundance 
and scarcity of such food plants may determine the 
survival percentage and hopper duration alongwith growth 
index of the pest under study. 
(c) Effect of food plants on adult survival and longevity: 
The effect of various food plants on the 
pre-copulation, pre-oviposition, oviposition and 
post-oviposit ion periods and longevity of adults of 
Oedaleus abruptus, was studied with respect to adult. The 
results are shown in Tables 14, 15 and Fig. 33. 
The longevity of adults was found to be different 
with Seteria glauca recorded as 27.80 days in males and 
28.30 days in females. But the longevity of adults was 
maximum while feeding on Trifolium alexandrinum as 32.20 
days in males and 31.80 days in females. Seteria glauca 
mostly dominates the habitat, when hopper stages are in 
outbreaks, but the adults pass their life when Trifolium 
alexandrinum succeeds Seteria glauca. 
Out of the six dominant food plants in the 
breeding area of the pest, two plant species namely, 
Trifolium alexandrinum and Cyperus rotundus appear to be 
more preferred. 
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longevity of Oedaleus abruptus Thunb. 
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(d) Effect of food plants on the fecundity : 
No worker has reported any effect of different 
food plants on the fecundity of females of Oedaleus 
abruptus. In the present study, six food plants were 
tested in order to find out their effect on average 
fecundity. It was found to be 61.34 with Cyperus rotundus 
and 26.18 with Sorghum vulgare (Table 16). This may be 
due to the former being more nutritive than the latter. 
(e) Food preferences in nymphs : 
It is observed that out of sixteen food plants 
tested, Cyperus rotundus was most preferred while 
Saccharum offi cinarum remain partly rejected. The maximum 
survival has been recorded while feeding on Paspalum 
distichum and highest mortality was recorded with Solanum 
tuberosum. These are quite useful, applied and hitherto 
unknown observations. 
91 
m 
o 
a; 
T) 
a; 
o 
O 
0) 
r - l 
(0 
E 
a; 
o 
>^ 
4-> 
• H 
-o 
c 
D 
U 
<D 
x: 
4-) 
c 
o 
c 
m 
o 
o 
M-l 
a: 
i n 
+1 
o 
c 
-U 
c 0) 
VJ 
01 
M-l 
y-i 
•H 
'D 
>+-! 
0 
4J 
u 
a; 
^-1 
H-( 
U 
(0 
o 
0 
<-\ 
+1 
i n 
n 
4J 
(0 
m 
D 
4J 
Cu 
D 
i j 
X I 
(T3 
VO 
i3 
E-t 
J-) 
0) -H 
CnT! 
fC C 
U 3 
Q) U 
> (l» 
< IW 
• 
0 
c 
0) (0 'O 
Di CT> O • 
(0 cn Oi u 
i J 0) 1 
<U O i W 
> IM CTl 
< O (U +1 
• 
o 
c m 
CP 
i-H D l 
(0 <D t l 
4J -H 
O >»-l (0 
H O i-H 
"V. • 
• to u 
0 'O • 
c o w 
a +1 
(D 1 
en en <l» 
m cr> rH 
^j 0) m 
OJ E 
> IW (D 
< 0 ^ 
• 
0 
C 1 
0 1 
i-H CP 
(T3 (U m 
4-1 T 3 
0 >*-l 0 
EH 0 a 
^ 1 
QJ 0) W 
j a <4-4 <u 
E rH 
p iw m 
Z 0 E 
< • — » t 
J2 
M 
(0 
*—^  
-^^  J2 
•-^ 
^"^ fl 
*—' 
4-1 
c 
(tj 
r-l 
a 
o 
o 
»i-i 
cu 
E (0 
2 
l i ) 
o 
+1 
en 
^ 
CO 
fNI 
CM 
00 
i n 
CO 
• 
o 
+1 
o 
CN 
<* 
00 
00 
r-j 
CO n 
• 
o 
+1 
CTi 
CO 
ro 
O 
n 
CO 
CM 
C-J 
• 
o 
+1 
o 
• 
en 
o 
1X1 
CO 
r-
i n 
^ 
r-CN 
fM 
^ (N 
'^ r 
"^  
o 
+1 
o 00 
i n 
n 
o 
+1 
o i H 
i n 
<;r 
o 
+1 
o 
o 
r-CM 
o 
+1 
o 
'=}' 
ro 
CO 
r-l 
• 
o 
+1 
[ ^ 
o 
ro 
CO 
fNI 
fO 
(Nl 
U3 
in 
o 
o 
+1 
o 
o fM 
'^  
fM 
O^ 
i n 
o 
fM 
o 
+1 
o 
<N 
CTi 
ro 
O 
+1 
O 
CO 
CO 
ro 
T! 
C 
D 
4J 
0 
to 
U 
a 
u 
(0 
u 
D 
m 
f - i 
Vi 
4-1 
E 
x: 
u 
• H 
4J 
to 
•H 
E 
D 
(H 
(0 
CO 
(P 
M 
(0 
> 
e 
x: 
o 
CO 
U 
CD 
0) 
r - l 
0 
u 
• H 
CO 
CO 
PQ 
to 
•H 
4-J 
>< 
u 
4-) 
0 
X) 
(0 
> 
E 
C 
•H 
c 
m 
X 
(LI 
CO 
E 
•rH 
0 
M-l 
• H 
EH 
92 
CHAPTER-IV 
(D) MORPHOMETRICS AND GREGARIOUS BEHAVIOUR 
Morephoinetrics are the measurements of 
morphological changes, during the life of an insect and 
the gregarious behaviour is the social aggregation among 
organisms. Generally there are ten species of 
grasshoppers which have shown permanent innate 
characteristics of being a locuts. A new concept was 
proposed by Rizvi (1985) regarding 'locusts' in making 
on the basis of some species of grasshoppers which have 
been recently recorded having tendency of swarmlet 
formation. They show temporary phase of aggregational 
instinct and the pest under study belongs to this group. 
This means that there are certain ecological requirements 
for a solitary grasshopper to become a locust. Therefore, 
the morphometries of hoppers was carried out on the body 
parts to obtain the rate of increase in various instars. 
The results are tabulated in Tables 6, 7. The adults of 
both sexes living under isolated and crowded conditions 
were measured, and about 24 indices of body parts were 
used but only 8 indices in males and 6 indices in females 
showed significant changes when subjected to crowded 
condition such as b, Oh, E, SE, W, w, MF and f (males) 
and 0, Oh, P, Mp, St, and w (females). These are 
indicative of definite instinct towards phase formation 
"C-
Fig.3A. Scheme of morphomet 
rical measurements. 
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and gregariousness (Tables 17-20). These observations 
are of great significance in grasshopper's ecological and 
behavioural studies. The comparative account of body part 
measurements is given in Tables 17-23. 
The measurements of various body parts, mentioned 
below, with or without crowded conditions in both sexes 
were taken with the help of Vernier calliper supplied by 
Anti-Locust, London. Some measurements were also taken 
with a binocular and a micrometer eye-piece. All 
measurements in millimetres, unless otherwise stated. The 
observations are shown in Tables 17, 18 which clearly 
indicate that the tendency of polymorphism in grasshopper 
under study does exist. 
All measurements were made on 20 males and 20 
females each of isolated and crowded conditions. 
1. Length of body (B) : Distance from the anterior end 
of head to apex of subgenital plate in male and 
to apex of ovipositor in female. 
2. Width of body (b) : Widest part of the thorax near the 
first abdominal segment, 
3. Length of antenna (A) : The distance from the basal 
segment, the scape up to the terminal segment. 
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4. Width of vertex between the, eyes (V) : The shortest 
distance between the compound eyes at the vertex. 
5. Vertical diameter of eye (O) : The maximum diameter 
of eye. 
6. Horizontal diameter of eye (Oh) : The minimum diameter 
of eye. 
7. Maximum width of head (C) : The greatest width of the 
head in the genal region. 
8. Length of pronotum (P) : The median pronotal carina. 
9. Height of pronotum (H) : The vertical distance between 
the lowest point of the lateral pronotal lobe and the 
level of the highest point on the median pronotal 
carina between the second and third sulci. . 
10. Maximum width of pronotum (Mx) : The greatest distance 
between the surfaces of the lateral pronotal lobes 
in the metazona. 
11. Minimum width of pronotum (Mp) : The minimum distance 
between the surfaces of the lateral pronotal lobes. 
12. Length of sternum (St) : The distance from the 
anterior suture of the mesosternum to the posterior 
edge of the first abdominal sternite. 
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13. Minimum width of mesosternal interspace (mS) : The 
narrowest posterior part of the interspace. 
14. Minimum width of metasternal interspace (mT) : The 
narrowest part of the portion of the first abdominal 
sternite separating the metasternal lobes. 
15. Maximum width of metasternal interspace (mxT) : The 
maximum width near anterior region excluding the 
furcasternal pits. 
16. Length of elytron, (E) : The branching of costal 
(mediastinal) and the subcostal (anterior radial) 
veins to the apex of the elytron. 
17. Width of elytron (e) : The distance between the two 
parallel lines touching the anterior and the posterior 
boundaries of the tegmen. 
18. Span of body with elytron (SE) : The distance from 
the apex of one elytron to the other, when both 
elytra are fully expanded. 
19. Length of wing (W) : The distance from the base of 
the costa to the apex of the wing. 
20. Width of wing (w) : The distance between the two 
parallel lines touching the anterior and the posterior 
boundaries of the wing when fully stretched. 
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21. Length of anterior femur (AF) : The external surface 
of the femur, directed forwards, from the junction 
between the trochanter and the femur to the distal 
end of the latter. 
22. Length of middle femur (MF) : The anterior surface 
of the femur, from the suture between the trochanter 
and femur to the apex of the latter. 
23. Length of hind femur (F) : The external surface, as 
the maximum length from base to apex. 
24. Width of hind femur (f) : The maximum width from 
margin to margin. 
(a) Isolation : 
Most of the grasshoppers are solitary in nature 
but the grasshopper under study was found in semi-solitary 
condition and the measurements of the body parts (Tables 
17,18) support the fact that they have a definite tendency 
towards gregariousness as supported by 24 indices taken 
as parameters. 
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Table : 17. Means, standard errors and standard deviations of 
crowded and isolated adults of Oedaleiis abruntus. 
No 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
Indices 
Length of body 
Width of body 
Length of antenna 
Width of vertex 
between the eyes 
Vertical diameter 
of eye 
Horizontal diameter 
of eye 
Max. width of head 
Length of pronotum 
Height of pronotum 
Max. width of pronotum 
Min- width of pronotum 
Length of sternum 
Min. width of meso-
sternal interspace 
Min. width of meta-
sternal interspace 
Max. width of meta-
sternal interspace 
Length of elytron 
Width of elytron 
Span of body with 
elytron 
Length of wing 
Width of wing 
Length of anterior 
femur 
Length of middle 
femur 
Length of hind femur 
Width of hind femur 
Sym 
bol, 
B 
b 
A 
V 
O 
Oh 
C 
P 
H 
MX 
Mp 
St 
mS 
mT 
mxT 
E 
e 
SE 
W 
w 
AF 
MF 
F 
f 
MALES 
Mean and 
s error 
Crowded 
13.91±0.142 
3.02+0.024 
8.27±0.072 
0.83±0.013 
1.71±0.017 
1.18±0.007 
2.73±0.016 
2.87±0.031 
2.99±0.026 
2.83±0.028 
2.40±0.017 
3.54±0.035 
0.83±0.013 
0.40±0.013 
0.71±0.014 
14.40±0.128 
2.62+0.022 
31.81±0.315 
12.92±0.074 
6.5310.066 
2.61±0.019 
3.21±0.029 
8.99±0.044 
1.98±0.014 
standard 
Isolated 
13.78±0.115 
3.15±0.044 
8.34±0.094 
0.80±0.011 
1.73±0.019 
1.22±0.014 
2.6810.022 
2.9110.046 
3.0510.030 
2.8710.036 
2.4110.027 
3.5010.030 
0.8010.010 
0.3610.016 
0.6910.014 
13.9910.115 
2.5510.032 
30.85+0.250 
12.7110.068 
6.2310.061 
2.5610.025 
3.0910.028 
9.0610.044 
1.9310.020 
Standard 
deviation 
Crowded 
0.637 
0.106 
0.320 
0.059 
0.076 
0.030 
0.071 
0.139 
0.117 
0.123 
0.078 
0.158 
0.059 
0.057 
0.063 
0.574 
0.098 
1.410 
0.330 
0.294 
0.086 
0.128 
0.195 
0.064 
Isolated 
0.515 
0.195 
0.419 
0.049 
0.087 
0.063 
0.098 
0.204 
0.136 
0.163 
0.120 
0.135 
0.043 
0.072 
0.064 
0.513 
0.141 
1.120 
0.302 
0.272 
0.111 
0.126 
0.195 
0.088 
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Table : 18. Means, standard errors and standard deviations of crowded 
and isolated adults of Oedaleus abrupt-us 
No 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
Indices 
Length of body 
Width of body 
Length of antenna 
Width of vertex 
between the eyes 
Vertical diameter 
of eye 
Horizontal diameter 
of eye 
Max. width of head 
Length of pronotum 
Height of pronotum 
Max. width of pronotum 
Min. width of pronotum 
Length of sternum 
Min. width of meso-
sternal interspace 
Min. width of meta-
sternal interspace 
Max. width of meta-
sternal interspace 
Length of elytron 
Width of elytron 
Span of body with 
elytron 
Length of wing 
Width of wing 
Length of anterior 
femur 
Length of middle 
femur 
Length of hind femur 
Width of hind femur 
Sym 
bol 
B 
b 
A 
V 
0 
Oh 
C 
P 
H 
MX 
Mp 
St 
mS 
mT 
mxT 
E 
e 
SE 
W 
w 
AF 
MF 
F 
f 
FEMALES 
Mean and 
s error 
Crowded 
19.27±0.280 
4.22±0.052 
7.85±0.097 
1.13+0.015 
1.93±0.012 
1.41±0.013 
3.81±0.037 
3.63±0.050 
4.05±0.045 
3.92±0.028 
3.24±0.026 
4.83±0.050 
1.26±0.016 
0.79±0.019 
1.32±0.022 
18.05±0.195 
3.20±0.029 
40.14±0.421 
16.36±0.197 
8.22±0.104 
3.03±0.037 
3.79±0.038 
11.62±0.138 
2.59±0.031 
standard 
Isolated 
19.2310.119 
4.20±0.029 
7.78±0.093 
1.12±0.011 
1.97±0.010 
1.35±0.011 
3.79±0.016 
3.8410.036 
3.9910.015 
3.9410.022 
3.1510.015 
4.6210.022 
1.2410.012 
0.7810.008 
1.3010.016 
18.0810.098 
3.2610.035 
40.2910.194 
16.10+0.151 
7.7010.072 
3.0510.030 
3.8210.028 
11.83+0.126 
2.6110.025 
Standard 
deviation 
Crowded 
1.250 
0.231 
0.434 
0.066 
0.052 
0.060 
0.167 
0.223 
0.201 
0.127 
0.115 
0.2 23 
0.072 
0.08 3 
0.100 
0.874 
0.131 
1.884 
0.882 
0.464 
0.166 
0.171 
0.619 
0.138 
Isolated 
0.530 
0.130 
0.416 
0.050 
0.043 
0.047 
0.072 
0.159 
0.066 
0.098 
0.065 
0.100 
0.055 
0.035 
0.073 
0.437 
0.155 
0.867 
0.674 
0.322 
0.133 
0.125 
0.564 
0.114 
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Table : 19. Differences between means of body part measurements for 
adults of Oedaleus abruptus. 
MALES 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
Indices 
Length of body 
Width of body 
Length of antenna 
Width of vertex 
between the eyes 
Vertical diameter 
of eye 
Horizontal diameter 
of eye 
Max. width of head 
Length of pronotum 
Height of pronotum 
Max. width of pronotum 
Min. width of pronotum 
Length of sternum 
Min. width of meso-
sternal interspace 
Min. width of meta-
sternal interspace 
Max. width of meta-
sternal interspace 
Length of elytron 
Width of elytron 
Span of body with 
elytron 
Length of wing 
Width of wing 
Length of anterior 
femur 
Length of middle femur 
Length of hind femur 
Width of hind femur 
Sym-
bols 
B 
b 
A 
V 
O 
Oh 
C 
P 
H 
MX 
Mp 
St 
mS 
iiiT 
mxT 
E 
e 
SE 
W 
w 
AF 
MF 
F 
f 
Difference 
+0.13 
-0.13 
-0.07 
+ 0.03 
-0.02 
-0.04 
+ 0.05 
-0.04 
-0.06 
-0.04 
-0.01 
+0.04 
+ 0.03 
+0.04 
+0.02 
+ 0.41 
+ 0.07 
+ 0.96 
+ 0.21 
+ 0.30 
+ 0.05 
+0.12 
-0.07 
+ 0.05 
Crowded -
f t 
0.710 
2.600 
0.593 
1.765 
0.769 
2.500 
1.852 
0.727 
1.500 
0.870 
0.313 
0.870 
1.875 
1.905 
1.000 
2.384 
1.842 
2.382 
2.100 
3.333 
1.613 
3.000 
1.129 
2.083 
Isolated 
d.f. 
38 
38 
38 
38 
38 
38 
38 
38 
- 38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
P 
<0.5 
<0.05 
<0.6 
<0.1 
<0.5 
< 0.05 
<:0.1 
< 0.5 
< 0.2 
< 0.4 
< 0.8 
< 0.4 
<0.1 
<0.1 
<0.3 
<0.05 
<0.1 
<0.05 
<0.05 
<0.01 
<0.2 
<0.01 
<0.3 
<0.05 
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Table : 20. Differences between means of body part measurements for 
adults of Oedaleus abruptus. 
FEMALES 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
Indices 
Length of body 
Width of body 
Length of antenna 
Width of vertex 
between the eyes 
Vertical diameter 
of eye 
Horizontal diameter 
of eye 
Max. width of head 
Length of pronotum 
Height of pronotum 
Max. width of pronotum 
Min. width of pronotum 
Length of sternum 
Min. width of meso-
sternal interspace 
Min. width of raeta-
sternal interspace 
Max. width of meta-
sternal interspace 
Length of elytron 
Width of elytron 
Span of body with 
elytron 
Length of wing 
Width of wing 
Length of anterior 
femur 
Length of middle femur 
Length of hind femur 
Width of hind femur 
Sym-
bols 
B 
b 
A 
V 
0 
Oh 
C 
P 
H 
MX 
Mp 
St 
mS 
mT 
mxT 
E 
e 
SE 
W 
w 
AF 
MF 
F 
f 
Cr 
Difference 
+ 0.04 
+ 0.02 
+ 0.07 
+ 0.01 
-0.04 
+ 0.06 
+ 0.02 
-0.21 
+0.06 
-0.02 
+0.09 
+0.21 
+ 0.02 
+0.01 
+0.02 
-0.03 
-0.06 
-0.15 
+0.26 
+0.52 
-0.02 
-0.03 
-0.21 
-0.02 
owded - ISO 
t 
0.132 
0.339 
0.522 
0.526 
2.667 
3.529 
0.488 
3.443 
1.277 
0.556 
3.000 
3.818 
1.000 
0.500 
0.714 
0.137 
1.333 
0.323 
1.048 
4.127 
0.417 
0.638 
1.123 
0.500 
dated 
d.f. 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
P 
<0.9 
<0.8 
<0.7 
<0.6 
< 0.05 
< 0.001 
< 0.7 
<0.01 
< 0.3 
< 0.6 
< 0.01 
< 0.001 
< 0.3 
< 0.6 
< 0.5 
< 0.9 
< 0.2 
< 0.8 
<:0.3 
< 0.001 
< 0.7 
< 0.6 
< 0.3 
< 0.6 
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The measurements of body parts of Oedaleus 
abruptus taking into account about 19 body parts and all 
five instars till they become adult along with rate of 
increase from instar to instar up to an adult stage, have 
given a complete morphometrical index of the biology of 
the pest (Tables 6, 7). 
(b) Crowding : 
The crowding has been recorded occasionally with 
a gregarious tendency, but the crowded conditions when 
created, certain morphometrical changes in the body parts 
of males and females as compared to isolated one were 
found significant (Tables 17, 18). 
(c) Colour changes : 
Visible colours of Oedaleus abruptus and 
Gastrimargus africanus are due to the pigments in the 
integument which are mostly metallic or lustrous in 
appearance and many combinations of colours and their 
patterns are seen in these pests. Newly moulted hoppers 
and adults are whitish until pigments are formed though 
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the range of colours in acridoids in general is less 
extensive. The colours are the shades of brown, grey and 
green, red and reddish yellow or their combinations on 
various parts of the body. In these two pests the adult 
colourations are of interest as they show the change in 
the sexual status or an initial or primitive instinct of 
social aggregation which is expected in any case of over 
populous acridoids (Figs. 35A, B). As it is evident from 
colour photographs the normal green shades are dominated 
by brown shades, either due to sexual maturation or the 
beginning of social aggregation. The third colour 
combination is the mixture of brown and green shades with 
redddish and pinkish appearances. These three colours 
are so different in one species that one confuses it to 
be a separate species. These changing colour patterrns 
have an ecological bearing on the insect biology which 
was hitherto unknown. The present observations are new 
in the sense that colour ecology is a behavioural index 
at all stages of biology of the pest. This account is 
for Oedaleus abruptus which prefers dry biome but in case 
of Gastrimargus africanus, the colour combinations are 
of great importance and for the first time the colour 
changes in isolated as well as in crowded populations 
were found at variance. Even at sexual level the males 
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exhibit a consistency in colour pattern but the females 
show four different colours starting from greenish and 
brownish and reddish shade with two intermediate darker 
combinations of the same shade and finally turning into 
dark brown with white stripe and reddish legs. These 
colours are prominently visible in the colour photos 
(Figs. 36A, B). 
In one of the experiments the effect of solar 
radiations on the colouration of adults of Oedaleus 
abruptus and Gastrimargus africanus was studied. A 
significant change in the colour pattern was found to 
cause colour polymorphism. This should be investigated 
as a separate problem. The present observations may be 
attributed significantly to the behavioural pattern in 
a known species of solitary grasshoppers having tendency 
of gregarization or rather locusts like instinctive 
behaviour. 
(d) Swarming : 
The two species under study have shown occasional 
gregarization and clumpy distribution with temporary 
gregariousness (Rizvi, 1988 p.c.) which may be taken as 
® • 
m 
/ 
Fig. 35. Oedaleus abruptus 
colour variations 
® Male d ) Female 
® ,. -
'1*,'^r 
Fig. 36. Gastrimarqus africanus, 
colour variations 
(A) Male, Female 
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a serious activity with some less well defined 
manifestation of gregarious behaviour. The present 
observations are occasional records and need elaborate 
field observations followed by laboratory experiments. 
But to assess the situation with special reference to 
these pest it is carefully noted that during outbreaks 
in the field and during large scale rearing, these two 
species have shown temporary swarming at various levels. 
The seriousness to this effect was taken up due to the 
changes in the aggregation behaviour, colour patterns in 
the adult and hopper activities in the field fcnd 
conspicuous rearing behaviour in the laboratory. The diffe--
rences in the size and activities are suggestive for 
gregarious species in making. 
(e) Band formation : 
In these two species, the gregarious females have 
a habbit of laying eggs, not only in ecologically 
restricted spots, but also in dense group. It results in 
hoppers hatching from several parts findings themselve in 
close proximity to one another. These primary groupings 
are actually the beginning of band formation. Only on one 
occasion in both cases small band formation like locusts 
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was recorded by Rizvi (1988 p.c.) and reported to the 
author but could not be ascertained later on because of 
unavoidable circumstances. 
(f) Instinctive behaviour : 
This is an important observation and suggestive 
in the sense that there are certain grasshoppers which 
can be treated as locust in making' (Rizvi/ 1985). 
Similarly in these two acridoid pests, an instinct of 
gregarizat ion in hoppers and gregarious egg—laying in 
adult females is obvious. Crowding affects the life of 
individuals, especially the changing flight behaviour, and 
on the basis of vigilant observations evidences may be-
come available to accept that Oedaleus abruptus and 
Gastrimargus africanus are behaviourally instinctive 
towards occasional polymorphism. This is yet to be 
confirmed. 
[i(S@Q@il(gaQ §U(y]d]0(i§ @m 
Gastrimargus africanus ^^(y]§§(LD[P( 
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CHAPTER-IV 
OBSERVATIONS 
Part - II : ECOLOGICAL STUDIES ON Gastrimargus africanus 
Saussure 
(A) BIOLOGY 
(i) LIFE-CYCLE IN THE LABORATORY 
(a) Adult : 
The adults of Gastrimargus africanus are moderate 
to large sized, frons nearly vertical; vertex rounded. 
Antennae filiform, not much longer than the head and 
pronotum together. Pronotum arched with sharp median carina, 
not distinctly interrupted by posterior transverse sulcus; 
anterior margin projecting forward along mid-line; posterior 
margin forming atleast a right angle. Tegmina and hind wings 
fully developed, extending beyond hind knees. Tegmina with 
only one more or less distinct pale transverse bar about 
one third distance to apex, margins irregular. Second band 
either indistinct or with irregular margin or absent (Fig. 
7B) . 
The colouration is variable, any morphological area 
may be either green or a variable shade of brown and both 
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colours may co-exist in a single individual. Superimposed 
are areas of black, which are best developed in front of 
and below the compound eyes, above and below a pale band 
along the shoulders of the pronotum in the pleural areas 
of the meso- and meta-thoracic segments, on the tegmina and 
hind femora. Hind wings pale yellow or sulphur yellow 
basally, enclosed by a well defined dark band distally and 
posteriorly. 
Measurements of adults (mm) : 
MALES FEMALES 
Length of the body 21.33-25.83 23.80-37.45 
(24.07+ 0.251) (35.30+ 0.217) 
Length of pronotum 5.30- 6.59 7.88- 9.56 
(5.96± 0.072) (8.32± 0.076) 
Length of tegmen 23.64-26.47 34.48-38.36 
(25.90± 0.232) (35.43± 0.208) 
Length of hind femur 13.18-15.37 19.51-21.96 
(14.00+ 0.137) (20.27+ 0.129) 
(b) Copulation : 
The act of copulation is usually preceded by an 
elaborate courtship and some observations in this act of 
I l l 
behaviour have been an addition to the knowledge, such as 
an intermittent movements of antennae and touching of last 
abdominal segments by the hind legs. The duration of 
copulation is long and the copulating pairs are non mobile 
and stationary in postures and this fact is important in 
control by using sprays. The time of copulation, duration 
and a typical acridian act of copulation are not different 
as to make a record except that the copulation lasts about 
35-95 minutes (Table 1, Figs, 37A, B). 
(c) Oviposition : 
Oviposition is associated with female movements 
before actual egg-laying in connection with searching, locating 
or testing for suitable conditions. The mechanism involved 
in oviposition is on a typical acridian pattern followed 
by digging, making false holes and finally the egg-laying 
process is done. The maximum time of oviposition is 190 
minutes and the minimum 70 minutes with an average of 
128.90±4.09 minutes (Table 1, Figs. 38A, B) . 
The structure of the egg_pod could be indicative 
of dependence on the oviposition habitat of the species 
particularly the soil structure. In this species it was 
found that the egg-pods in relation to soil surface and 
® 
/ 
Fig. 37 Gastrimargus africanus 
(A) Copulation posture 
Hanging copulation posture 
Fig. 38. Gastrimarqus africanus 
(A) Female probing oviposition 
site in wooden cage 
Female laying eggs in a 
metallic tube 
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changes in the depth was in accordance to soil nature. The 
present findings are based on the number of egg-pods laid 
in three different soils and their comparative account is 
given in Table 2. This observation may be of some use from 
soil preferences point of view and may help in finding the 
egg-laying sites of the species. 
Other methods of oviposition : 
This species also behaves like epidephic and 
epiphytic ovipositor and the change of oviposition behaviour 
may be attributed to super maturation of gonads and failure 
in finding suitable egg-laying sites. The hatching has never 
been recorded in those egg-pods which are laid outside the 
egg tube. 
(d) Egg-pod and eggs : 
The size of egg-pod is mainly determined by the 
number of egg-layings per female. The average number of egg-
pods per female was found to be 8.04±0.35 (isolated 
condition) and 7.08±0.33 (crowded condition) and the size 
of the egg-pod laid earlier was longer than the egg-pod laid 
later. This may be due to decrease in the number of eggs. 
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Table :24 . Measurements of egg and egg-pod of 
Gastrimargus africanus. 
(Data based on 25 observations) 
Indices Measurements (mm) 
Length of froth 17.70-41,80 
(29.97± 1.05) 
Length of egg part 23.70-37.80 
(30.84± 0.84) 
Total length of egg-pod 46.80-66.90 
(60.81± 1.02) 
Width of egg-pod 4.85-5.73 
(5.24±0.05) 
Length of an egg 4.66-5.25 
(4.93±0.04) 
Width of an egg 0.90-1.08 
(0.97±0.01) 
Mean ± S.E. is given in parentheses 
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The effects on the fecundity of the female due to 
isolated and crowded conditions, there has been an indication 
of behavioural changes due to group egg-laying. The average 
fecundity is also affected (Table 50). 
The measurement of egg-pods and eggs of this species 
is given in Table 24. The Table 24 shows the actual length 
of egg-pod when the length of froth is deleted. The average 
number of eggs per egg-pod was found to be 57.94±1.14 
(isolated condition) and this average was not different in 
crowded condition. However the average fecundity was affected 
by the crowded condition (Table 50). 
Since the majority of acridoids of temperate 
climate spend most of the life-cycle in the egg stage, 
therefore, it is also true with this species which passes 
hot climate with a long dry spell as an egg stage. During 
this dormant period the eggs can withstand the adverse 
condition of the environment. This suggests that an immediate 
attention be paid to the structure, properties and biological 
function of different types of egg-pods in relation to 
environment. 
(e) Incubation and hatching : 
The incubation period of G a s t r i rnargus af ricanus was 
115 
studied at different temperatures (Table 25) with reference 
to hatching period of eggs. The most preferred and productive 
temperature was found to be 35±1°C. The incubation and the 
hatching was severely affected at 15±1°C and 50±1°C (Table 
25). The relative humidity was not taken as the factor 
because it could not be maintained and remain interrupted 
due to unavoidable circumstances. The effect of isolated 
and crowded conditions on the viability of egg-pods and eggs 
was studied at 35±1°C with 70±5% R.H. in order to ascertain 
any effect of crowding on the number of egg-podS/ number of 
viable egg-pods, fertility, mortality and development of eggs 
per day in terms of developmental frequencies (Table 46). 
It shows that the crowding does affect the number, viability 
and developmental frequencies of the eggs. This behaviour 
is closely related to that of the established locust species. 
Observations on the number of eggs hatched, 
percentage of hatching, total incubation period, per day 
development in relation to at least six different 
temperatures ranging from 15°C to 50°C. The lowest percentage 
of eggs hatched was 27.57% at 45±1°C and highest percentage 
of hatching went up to 68.16% at 35±1°C. In both cases the 
R.H. was maintained at 70±5%. Likewise the longest incubation 
period was 35.04 days at 25±1°C and the shortest was 19.73 
days at 45±1°C. The development of eggs per day was the 
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slowest (2.89%) at 25±1°C and highest was (5.13%) at 45±1''C. 
There was no hatching at 15±1°C and 50±1°C (Table 25). 
Miscellaneous observations : 
The egg mortality due to high temperature beyond 
45±1°C and below 18°C has been recorded in the laboratory. 
The resistance offered by the eggs of this species was about 
10 hours at -5°C leading to mortality as 20-25% and the eggs 
at 45°C up to 20 minutes could resist with 15-20% mortality. 
This environmental resistance power in the incubating eggs 
, •, , . • , , • ., . /behaviour 
could be attributed to the hibernating/at low temperatures 
and aestivation at high temperatures. The excess of watering 
to the egg-pods results in severe mortality to the developing 
eggs. 
(f) Development of hoppers : 
In this case also the word hopper or nymphal instar 
is being used to avoid confusing terminology for immature 
stages of the grasshopper under study before becoming an 
adult . 
The development of hoppers consist of gradual growth 
associated with intermittent moults. The first instar hopper/ 
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immediately after the intermediate moult, is called a 
'hatchling'. Its colour is creamy which becomes darker after 
little time. This colour is tinged with yellow shades. 
The total growth of newly moulted hoppers was 
recorded by measuring the increase in the total body length 
and weight at the beginning of each instar, before feeding. 
During hopper development an instar-wise weight of 
the hoppers and the rate of increase comes to 6.00-12.00 mg 
in case of male and 6.00-13.00 mg in female first instar 
hoppers. In the male, having five instars, the rate of 
increase in body weight was found to be highest in second 
instar as 2.32 while lowest in the fifth instar as 1.49. But 
female hoppers with six instars have shown the rate of 
increase in body weight highest in third instar as 2.58 and 
the lowest in the sixth instar as 1.91 (Table 26, Figs. 
40,41) . 
The first instar hoppers measures 5.10 mm and goes 
up to 18.47 mm in male, while in case of female the first 
instar hopper, measures 5.35 mm and reaches up to 25.11 mm 
in the sixth instar before becoming adult. 
In this species the entire life-cycle has shown 
number of instar hoppers as different in the two sexes and 
the female cycle is completed with an additional instar. The 
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mean rate of increase of body length between instars in both 
sexes was calculated as 1.36 in males and 1.37 in females 
(Tables 27, 28). 
The measurements of various body parts of the hoppers 
and the rate of increase in various instars in both sexes 
of this species were calculated. Nineteen body parts thus 
measured were the length and width of the body; length of 
antenna; width of vertex between the eyes; vertical and 
horizontal diameter of eye; maximum width of head at genal 
level; length, height, maximum and minimum width of pronotum; 
length of sternum; minimum width of mesosternal interspace; 
minimum and maximum width of metasternal interspace; length 
of the anterior, middle and hind femur and width of hind 
femur. 
These body parts were selected for measurements as 
they are considered important by various workers in the field 
of acridology. These observations have been very useful in 
locust studies and now may be of immense use for future 
studies on polymorphism in solitary grasshoppers. Such body 
parts were measured in all stages of biology, starting from 
the first instar hopper up to an adult in both sexes. The 
mean ratio of increase in size during development & growth were 
different in various body parts with variable magnitude. 
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Such observations may provide a measuring scale of 
the species in particular and with other grasshoppers in 
general. The Tables 27 & 28 are self explanatory. It is to 
be noted that the mean rate of increase in case of males 
was highest in the length of antenna (1.48) and lowest in 
the vertical diameter of eye (1.21), while in case of females 
it was highest in minimum width of metasternal interspace 
(1.45) and lowest in the vertical diameter of eye (1.21). 
These measurements and their ratios may be of great 
biological utilization especially during polymorphic 
behaviour of those grasshoppers which show occasional 
gregarization and social behaviour. 
The development of tegmina and wings in acridoids 
has already been considered as a special feature for 
distinguishing between hopper instars. In the first instar 
hopper, the lower posterior angles of the mesonotum and the 
metanotum do not show any differentiation but in the second 
instar they become somewhat extended and punctured, and in 
the subsequent instars they appear as rounded-triangular 
lobes, directed obliquely downward with distinct traces of 
longitudinal ridges, which are trachae, later to become 
axillary vein; their number in the hind wings of this species 
increases at each moult. The striking change occurs in the 
alar rudiments in the second instar and both pairs of 
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rudiments turned on their axis so that the outer surfaces 
become the inner and the rudiments of the tegmina (attached 
to the mesonotum become covered by those of the wings, both 
lying dorsally and directed obliquely upwards) . The reversal 
of alar rudiments thus divided the hopper instar into two 
distinct groups. The instar in which the reversal occurs, 
varies according to the total number of instars and may 
differ in two sexes of the same species. In case of 
Gastrimargus africanus, the instars pass through different 
number of instars in the two sexes. In this case, rudiments 
are lateral up to the fourth instar and rudiments reversed 
in the fifth and sixth instars before becoming adult. This 
is found in males (having five and six hopper instars 
respectively), while in females rudiments remain lateral up 
to the fifth instar and rudiments reversed in the sixth and 
seventh instar before becoming adult (having six and seven 
hopper instars respectively). This is shown in Figs. 44, 45 
and Table 29. 
On the basis of hopper instars in which reversal of 
alar rudiments occurs differently in two sexes which may be 
of significance in the male and female distinctive mature 
stages. 
The sexual differentiation of the terminal abdominal 
segment and of the external genitalia in different instars, 
fM 
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as well as in the two sexes, can be seen without any 
difficulty. The changes in external genitalia during the 
development of Gastrimargus africanus are shown in Figs. 
46, 47. A distinctive change is found at the final instar 
stage in the two sexes. The female has seven instars in which 
both upper and lower valves are longer than paraprocts, while 
in case of males there are six instars, where subgenital 
plate is elongate-parabolic, much longer than paraprocts. 
The descriptive and diagrammatic sketches of terminal 
abdominal segments and external genitalia given in Figs. 46, 
47 are self explanatory. A comparative description of the 
changes of the terminal abdominal segments during the 
development in both sexes is as follows: 
Instar Male Female 
I Subgenital plate semi- Upper ovipositor valve short, 
circularly excised at appex, triangular, subacute, separa-
with short obtuse ted by a deep rectangular 
lobes covering only excision. Lower valves tran-
base of paraprocts. sverse fold at base of 
upper valves. 
J.J Subgenital plate narro- Upper ovipositor valves Ion-
wed to apex which has ger, acute, separated by deep 
a shallow excision and and acute excision. Lower 
127 
III 
IV 
VI 
reaches middle of 
paraprocts. 
Subgenital plate narro-
wed to apex which has 
a little shallow exci-
sion, reaching beyond 
middle of paraprocts, 
Subgenital plate with 
narrowly parabolic apex, 
reaching almost to apex 
of paraprocts. 
Subgenital plate elong-
ate - parabolic, longer 
than paraprocts. 
Subgenital plate elong-
ate - parabolic, much 
longer than paraprocts. 
VII 
valve broadly triangular 
separated by acutangular 
excision. 
Upper ovipositor valves 
broader, separated by an 
excision. Lower valves 
little smaller than upper 
valves . 
Left and right ovipositor 
valves separated along 
the middle line. Upper 
valves shorter than para-
procts . 
Upper and lower valves 
separated along middle line, 
reaching to the apex of 
the paraprocts. 
Upper and lower valves 
separated along middle line, 
reaching almost to apex to 
paraprocts. 
Both upper and lower valves 
longer than paraprocts. 
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During normal moulting from hopper to hopper, it 
was interesting to note that some impartial and incomplete 
moultings do occur, especially during over-crowding, leading 
to various deformities but having no adverse effect on the 
reproductive potential. 
The variations in the number of hopper instars 
with special 
between species or in a single species/reference to sex, 
though, have been reported in various cases but in this 
species the said phenomenon is a conspicuous one. The male 
having 5-6 instars and the female having 5-7 instars and 
their numbers are always found variable even at a constant 
temperature and humidity (Table 30). The average total 
hopper duration, reduces or increases, indicates the number 
of instars. In this species the male individual cycle with 
six instar hopper is completed in 34.36±0.55 days while 
female individual cycle with seven instar hopper is 
completed in 40.68±0.63 days (average hopper durations). 
The hopper duration can be attributed to the number of 
instars in the cycle. This is also a new observation in 
acridoid biology. 
Variations in the number of hopper instars : 
Variation in instar hopper number within the species 
is of an ecological interest and has been regarded as 
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Table : 31- Summary of life-history of Gastrimargus 
af ricanus in the laboratory at 35±1°C and 70±5% 
R.H. Hoppers and adults fed on grass/ Cynodon 
dactylon. 
Length of periods 
(days) 
Male Female 
Average total hopper 
development period 
24.00-34.00 
(27.68± 0.54) 
30.00-40.00 
(35.08± 0.57) 
Pre-copulation period 5.00-10.00 
(6.60± 0.32) 
5.00-10.00 
(6.72± 0.3i; 
Pre-oviposition Period 4.00- 9.00 
(6.24± 0.25) 
Oviposition period 11.00-36.00 
(24.40± 1.32) 
Post-oviposition period 1.00- 5.00 
(1.84± 0.21) 
Longevity of adults 14.00-70.00 25.00-51.00 
(38.68± 2.77) (39.60+ 0.21) 
Total life span 41.00-96.00 58.00-87.00 
(66.36± 2.87) (74.68± 1.55) 
Mean ± S.E. is given in parentheses 
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abnormalities which is not true in view of present 
observations. On comparing laboratory populations with that 
of field populations in terms of percentage of instar 
hoppers/ it was found that the laboratory population of this 
species consists of 80% five instar hoppers in males and 
six instar hoppers in females but in the field populations 
the number of instar hoppers were mostly variable which can 
be attributed to controlled as well as uncontrolled 
conditions. An additional instar hopper can also be 
attributed to an ecological adaptation in response to the 
abrupt change in climatic condition and food searching 
behaviour (Table 30). 
DESCRIPTION OF HOPPER INSTARS : 
First instar hopper : 
The freshly hatched nymphs are yellowish in colour 
but after sometime attain brownish stains and certain spots 
appear on anterior part of the body. They measure 5.10 mm 
in average body length in males and 5.35 mm in females. 
Antennae with 14 segments (Figs. 43/ 50). 
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Second instar hopper : 
The body of the Ilnd instar hopper becomes brownish 
with dark brown spots more on the anterior side and less 
on the abdomen. It measures 7.26 mm in average body length 
in males and 7.45 mm in females. Antennae with 15-16 
segments (Figs. 43, 51). 
Third instar hopper : 
Similar to the second instar except that colour is 
variable dark brown, muddy, coppery green or reddish. In 
some cases brownish body with green patches on the head. 
Average body length measures 10.18 mm in males and 10.26 mm 
in females. Antennae with 19-20 segments (Figs. 43, 52). 
Fourth instar hopper : 
Body colour varies from dull brown to green with 
black dots; wingbuds reversed in males. Average body length 
measures 13.10 mm in males and 12.87 mm in females. Antennae 
with 21-22 segments (Figs. 43, 53). 
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Fifth instar hopper : 
General body colour varies from brownish to 
greenish. Wing buds reversed in males and females. Average 
body length measures 18.47 mm in males and 18.34 mm in 
females. Antennae with 23-24 segments. Males and females 
becoming adult following the moult at the end of this instar 
(Figs. 43, 54) . 
Sixth instar hopper : 
In case of males there are only five instar hoppers 
but whenever there is an additional sixth instar, it can 
be identified with 24-25 antennal segments; in case of 
females there are usually six instar hoppers and the average 
body length measures 25.11 mm. Antennal segments are 24-25 
(Figs. 43, 5 5). 
Seventh instar hopper (female only): 
In case of females there are usually six instar 
hoppers but if there is an additional seventh instar, it 
can be recognised by having 25-26 antennal segments. 
Ill IV 
M A L E 
I II III IV V VI 
F E M A L E 
Fig.Zt3. Gdstr imargus atr icanus Sauss., growth of the 
antenna from the 1st instar hopper to adult^ 
line = 1.0 mm. 
Fig.ZfZf. G a s t r i m a r g u s a f r i c a n u s Sauss. , g r o w t h of 
wing rud imen ts in ma les . 
F i q . Z f S . G a s t r i m a r g u s a f r i c a n u s Sauss. , growth of 
w i n g rud imen ts in f e m a l e s . 
11 
V 
F i g . 4 6 . G a s t r i m a r g u s a f r i canus Sauss., growth of 
e x t e r n a l gen i t a l i a in males from 1st instar 
hopper to adult^ f rom below. SG, subgeni ta l 
p late ; P , p a r a p r o c t . 
II 
V 
VI 
F i g . 4 7 G a s t r i m a r g u s a f r i canus Sauss. , growth of 
ex te rna l geni ta l ia in females from 1st ins tar 
to adult^ f rom be low. LV, lower ovipositor valve; 
UV, upper ovipositor valves P .pa rap roc t . 
V 
IV 
F i g . 4 8 - G a s t r i m a r g u s a f r i c a n u s Sauss., g r o w t h of 
mand ibu la r tee th in males from the 1st instar 
hopper to adu l t . 
II 
VI 
Fig.ZfQ. Gast r i m a r g u s a f r i c a n u s Sauss . , g row th of 
mand ibu la r teeth in f e m a l e s f r o m 1st ins tar 
hopper to adu l t . 
F i g . 5 0 . Gastrimarqus africanus Sauss. 
I Instar hopper (A) Malej(B)Female 
F i g . 5 1 . Gastrimarqus africanus Sauss. 
II Instar hopper (A) Male ;(B) Female 
F i g . 5 2 . Gastrimarqus africanus Sauss. 
Ill Instar hopper (A)Male;(B) Female 
F i g . 5 3 - Gastrimarqus africanus Sauss. 
lY Instar hopper (A)Male;(B) Female 
F i g . 5 A . Gastr imarqus afr icanus Sauss. 
Y Instar hopper (A) Male;(B) Female 
Fiq.55.Gastrimarqus africanus Sauss. 
YI Instar hopper ;Female 
g.Ororo 
F i g . 5 6 . Gastrimarqus afr icanus Sauss. 
Adul t (A) Male (B) Female 
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About nineteen body parts of all stages of hoppers, 
including adults of both sexes, were measured. A comparative 
account of the rate of increase and the developmental mean 
rate are tabulated in Tables 27, 28 which is self 
explanatory. In the development of hoppers the key for 
identification of instars and adults is prepared on the 
basis of the number of antennal segments which appear to 
be very significant (Fig. 43). 
The mandibles of the hoppers are typically of hervi-
vorous type as these are overlapping and interlocking, 
incisor dents are pointed; left dents not longer than right; 
molar lobe with several subconical dents (Figs. 48, 49). 
Application of Dyar's law : 
The Dyar's law (1890) was applied in this species 
because the successive formation of instars is a progressive 
development. The measurements of head width of the 
successive instars were taken separately in both sexes and 
within the same sex. 
The head width in successive instars increases in 
a geometrical progression (Fig. 57). The average increase 
for the male 5- and 6-hopper instars is 1.25 and 1.22, 
respectively, before they become adults, and 1.37, 1.29 and 
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Table : 32. Application of Dyar's Law on the hoppers of 
Gastrimargus africanus. 
Sex Hopper 
Instars 
I 
II 
III 
IV 
V 
I 
II 
III 
IV 
V 
VI 
I 
II 
III 
IV 
V 
I 
II 
III 
IV 
V 
VI 
I 
II 
III 
IV 
V 
VI 
VII 
Observed 
width of 
head of 
hoppers 
(mm) 
1.49 
1.86 
2.54 
3.20 
3.94 
1.48 
1.83 
2.46 
3.08 
3.56 
3.96 
1.53 
1.99 
2.80 
3.93 
5.45 
1.53 
1.90 
2.57 
3.40 
4.33 
5.53 
1.50 
1.84 
2.46 
3.20 
3.86 
4.42 
5.56 
Calculated width of 
head of hoppers 
(mm) 
Male with 5-hopper 
instars 
Male with 6-hopper 
instars 
Female with 
instars 
5-hopper 
Female with 6-hopper 
instars 
Female with 7-hopper 
instars 
1.49x1.28=1.91 
1.86x1.28=2.38 
2.54x1.28=3.25 
3.20x1.28=4.10 
1.48x1.22=1.81 
1.83x1.22=2.23 
2.46x1.22=3.00 
3.08x1.22=3.76 
3.56x1.22=4.34 
1.53x1.37=2.10 
1.99x1.37=2.73 
2.80x1.37=3.84 
3.93x1.37=5.38 
1.53x1.29=1.97 
1.90x1.29=2.45 
2.57x1.29=3.32 
3.40x1.29=4.39 
4.33x1.29=5.59 
1.50x1.25=1.88 
1.84x1.25=2.30 
2.46x1.25=3.08 
3.20x1.25=4.00 
3.86x1.25=4.83 
4.42x1.25=5.53 
Calculated width of head = Observed width X Average ratio of 
of head increase in width 
of head 
6.00 FEMALES HAVING 
5-HOPPER INSTARS 
6.0 0 FEMALES HAVING 
L 6-HOPPER INSTARS 
E 
X I-Q 
Q 
< 
UJ 
FEMALES HAVING 
- 7-HOPPER INSTARS 
5.0 0 
A.OO 
3.0 0 
2,0 0 
1.0 0 
J I 
MALES HAVING 
5-HOPPER INSTARS 
MALES HAVING 
6-HOPPER INSTARS 
I II III IV V VI VII I II III IV V VI 
HOPPER INSTARS 
Fig.57. Application of Dyar's law on the hopper instars of 
Gastrimargus africanus Sauss. 
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1.25 respectively for female 5-/ 6- and 7-hopper instars 
before they reach the adult stage. The calculated head width 
is found close to the observed head width (Table 32). These 
figures are enough to determine the instars and eliminate 
any possibility of missing an ecdysis in the life-cycle. 
Although the above figures are not completely identical but 
are sufficient to infer that the increase in .head width 
follows Dyar's law. 
(ii) LIFE CYCLE IN THE FIELD : 
There are generally two complete generations in a 
year and the third one was found overlapping and rather 
incomplete. The first hatching was recorded in the last week 
of May, 1984 and such hatchings continued up to August. 
Development of various stages completed up to the last week 
of October. During development they increase their size and 
become final instar hopper to finally moult into an adult 
stage. In the first week of November, copulation was 
recorded and within a week egg-laying took place. Such eggs 
hibernate during December, January and up to the second week 
of February. This was on the same pattern as with other 
acridoids in temperate climates with cold winters as found 
in Aligarh. This might be considered as a winter diapause. 
In the last week of February there was an unexpected shower 
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resulting in the hatching of this species and such hatching 
was recorded up to the last week of March. This hatching 
of hoppers and completion of development was completed by 
the first week of May when they became sexually mature. In 
this way the second generation was started from February, 
1985 and was completed in April, 1985. 
The first generation passes through April and May 
and the second generation passes through October and 
November. There was no obligatory diapause. The above 
description is based on complete recordings of two 
generations in the year, 1984 and 1985. Overlapping 
generations and presence of various stages of Gastrimargus 
africanus throughout the year suggests that there are more 
than two generations depending upon the environmental 
factors such as temperature and humidity. 
Some variations in the hatching period, and time 
of development of Gastrimargus africanus can be attributed 
to various temperature regimes experienced by egg-pods, 
availability of preferred food and condusive egg-laying 
sites . 
The seasonal variations in the field population of 
Gastrimargus africanus in different months of the year, 1984 
and 1985 on the basis of fortnightly capture with daily 
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recordings of temperature and relative humidity alongwith 
rainfall are given in Figs. 5, 6 and 58. 
The adults of this species were found quite active 
in December and January as well but their reproductive 
activity was at the lowest ebb. Likewise, the hopper stages, 
mostly late instar hoppers, were also found in extreme cold 
months showing unusual long duration in the nymphal instars. 
Obviously it can be attributed to an exceptional ability 
of an ecological adaptation to severe cold and to pass 
unfavourable condition. This is not commonly found in 
species regularly confined to temperate climate. 
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CHAPTER-IV 
(B) POPULATION STUDIES 
The population studies of Gastrimargus africanus 
with reference to seasonal variations in a year are based on 
numerical values of all stages of sex populations. In 
addition to it, special attention was paid to their small 
scale movements. 
(a) Seasonal variations : 
Gastrimargus africanus is found, throughout North 
India and almost all stages could be seen during extreme 
climate. Normally they are abundant in short grasses like 
Cynodon dactylon, and during rainy season they enter into 
tall grases like Panicum psilopodium Trin. The local open 
savanna in Aligarh consists of the following grasses : 
Cyperus rotundus Linn., Paspalum distichum Linn., Setaria 
glauca (L.) Beauv., Andropogon adoratus Linn., Panicum 
psilopodium Trin., Cynodon dactylon Pers., and Cyperus 
rotundus was found to be mostly preferred by Gastrimargus 
africanus. There are two complete generations in a year with 
a third incomplete generation. In the month of September and 
October the population of adults and final instar hoppers 
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has considerable size while it dwindles in the month of 
December and January. The seasonal variations in the 
population of this species on the basis of monthly records 
for two years, 1984 and 1985 are shown in Fig. 58. The 
relative abundance in different months of the year in 
relation to temperature and humidity and rainfall have been 
shown in Fig. 58 and meteorological data in Figs. 5, 6. 
This species has never been found totally absent 
from breeding grounds. Occasional or abrupt depletion in 
population has been due to sudden changes in the 
environmental conditions. 
(b) Variations in sex population : 
The sex ratios in the nymphal instar for the years, 
1984 and 1985, were recorded as 1:1 in the first instar 
hoppers. The ratio oscillates in subsequent nymphal instars 
but finally the ratios in the adults are in favour of 
females than males. This is probably due to high mortality 
rate among males. In some areas the male population was 
exceeding the female. This male excess ratio was recorded in 
September which dwindles in October onwards, while the 
female population increased and stabilized in the month of 
October and November. This may be attributed to the post 
NYMPHS 
ADULTS 
JAN. FEB. MAR. APR. MAY JUN. JUL. AUG. SEP. OCT. NOV. 
MONTHS 
Fig.58. Seasonal abundance of nymphs and adults of 
Gastrimargus africanus Sauss. 
DEC. 
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copulatory exhaustion of the males resulting in higher 
mortality among males. The stability of sex or survival 
potential of female sex was more pronounced than the male. 
(c) Small scale movements : 
During the summer season of the years, 1984 and 
1985, a comprehensive study was made to explore the 
environmental factors influencing movements of this species 
in and around Aligarh, including all stages. Plot marking 
technique was adopted with special reference to available 
grass plot in the habitat which were divided into three 
categories namely: 
1. grass between 5-6 inches 
2. grass cut to within an inch to the ground 
3. bare ground with an occasional tuft of long grass. 
These plots of the habitat were marked alternatively 
and the number of hoppers and adults entering in each 
alternative areas was recorded. It was also observed that 
the effect of slopes remain on the number of grasshoppers 
entering short grasses only, that more hoppers entered the 
short grasses at the bottom of the slope than at the top. 
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The small scale movements of the adults were 
confined to long and short grasses with intermittent and 
abrupt flights. The movements were also found to be 
affected by the day length. It was also critically observed 
that the male adults entering tall grasses leaving short 
grasses while females were entering into short grasses as 
compared to tall grasses. All observations are based on 
visual inspections during the course of experimentation. 
143 
CHAPTER-IV 
(C) ENVIRONMENTAL FACTORS 
(i) TEMPERATURE : 
The temperature gradient, increasing or decreasing, 
do affect the development of eggs, fecundity and the 
locomotory behaviour of the pest's biological stages. 
Therefore, the effect of temperature, as an environmental 
factor, has been studied under four categories, namely, 
0 
eggs, fertility, hopper development and locomot^ory behaviour. 
(a) Effect of temperature on eggs : 
The eggs were subjected to different temperatures 
and their incubation, hatching, hatchability was recorded. 
The temperature range was 15°C to 50°C while the relative 
humidity was maintained at 70±5%. Table 25 is self 
explanatory and shows that the temperature has a significant 
effect on eggs which is of an ecological importance in the 
biology of the species concerned. 
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(b) Effect of temperature on fertility : 
The fertility is referred to the number of eggs hatched 
out of total number of eggs laid by a single female. In this 
case 2,710 eggs were incubated, out of which 1,851 eggs 
hatched at 35''C showing percentage of hatching to be as high 
as 68.16%. Such observations are of immense value in the 
biology of such pests where nothing is known (Table 25). 
« 
(c) Effect of temperature on hopper development : 
The development process was affected when subjected 
to various temperatures ranging from 25°C to 45°C as evident 
from the rate and the survival percentage of hoppers along 
with per day developmental rate as shown in Table 33. 
(d) Effect of temperature on locomotory behaviour : 
The locomotory behaviour is referred to the jumping 
and walking activities of the hoppers and the adults, and 
this was assessed on the basis of visual observations in 
rearing cages at different temperatures ranging from 15°C to 
35''C. When the nymphal instars were released in cages 
maintained at 15°C, the locomotory activities were found 
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slowest but when transferred to cages at 25°C, they showed 
increased activity. The brisk locomotory behaviour was 
recorded at 35°C to 45°C. Death occurred at 50°C. 
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Fig.59. The duration and the rate of development 
of hoppers of Gastrimargus africanus Sauss.. 
in relation to temperature. 
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(C) ENVIRONMENTAL FACTORS 
(ii) HUMIDITY : 
It is already known that the relative humidity plays 
an important role in the physio-ecological behaviour of 
acridoids in general. However, nothing is known in this 
species. The present study is based on wet and dry 
conditions created in terms of low and high humidities. The 
effect of such humidities of the soil/ oviposition site and 
the development of hoppers and finally the fecundity was 
recorded. 
(a) Effect of soil moisture on egg development : 
The effect of soil moisture was studied under three 
conditions : where soil moisture was absent, present and in 
abundance or in excess. 
In the present experiment, three egg-laying tubes 
with freshly laid eggs were selected. One tube was not 
provided with any moisture while the second one was 
continuously provided with water and the third one was 
flooded. The result was that there was no hatching in the 
first and third tube and the second one gave normal 
hatchlings. 
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(b) Effect of moisture on the selection of oviposition sites: 
The present species under study was tested with 
three different soils having variable moisture contents 
namely/ completely dried, moist and flooded. 
On releasing mature females, the egg-laying was 
done only in moist soil and the dry and the flooded soil was 
rej ected. 
(c) Effect of relative humidity on hopper development : 
Like temperature, the relative humidity is an 
ecological parameter which affects the developmental 
process. Completely dry conditions like 5-10% R.H. show the 
least developmental progress by affecting general health and 
extended life-span. The humidities ranging from 50-80% are 
preferred as evident from the normal developmental rate of 
the hoppers and timely life-cycle span. The excess of 
relative humidity also cause either developmental 
retardation or death of the individual. 
(d) Effect of relative humidity on fertility : 
The fertility in terms of percentage of hatching was 
found lowest at 10% R.H. and very high at 70-80% R.H. Above 
that the fertility was at the lowest rate ever recorded. 
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(C) ENVIRONMENTAL FACTORS 
(iii) FOOD : 
(a) Effect of food plants on the development : 
The effect of quality and quantity of food is of 
great significance in the development of various stages of 
insects during their life-cycle. The present experiment has 
been designed to test various food plants on the success and 
the rate of development of various stages of this species. 
Table 34 shows all such data regarding food plants/ success 
of development, sexes of hopper development and the rate of 
developement per day. The plants found in the habitat are 
listed and tested in the laboratory on the basis of sex and 
hopper developmental period. It was found that Seteria 
glauca was most preferred by both sexes which completed 
their life-cycles in 25 days (males) and 30.50 days 
(females) while feeding on Solanum melongana prolonged the 
life-cycle span up to 69.40 days in males and 77.33 days in 
females. It was thus considered as least preferred. The 
various effects on the hopper development of different food 
plants are given in the same table. 
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Table : 34. Effect of different food plants on the hopper development 
period and daily rate of development of Gastrimargus 
africanus reared at 35±1°C and 70±5% R.H. 
Name of food plants Sex Hopper develop-
ment period 
(days) 
Development of 
hoppers/day 
(%) 
Seteria glauca 
Cynodon dactylon 
Panicum psilopodium 
Cyperus rotundus 
Zea mays 
Paspalum distichum 
Triticum aestivum 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
23.00-29.00 
(25.48± 0.39) 
28.00-35.00 
(30.50± 0.41) 
23.00-40.00 
(28.72± 0.66) 
27.00-43.00 
(33.76± 0.60) 
25.00-34.00 
(29.38± 0.64) 
30.00-38.00 
(34.54± 0.73) 
27.00-34.00 
(29.52± 0.39) 
32.00-45.00 
(35.93+ 0.55) 
28.00-44.00 
(34.09± 0.96) 
35.00-45.00 
(39.68± 0.68) 
30.00-38.00 
(34.39± 0.41) 
34.00-47.00 
(39.92± 0.66) 
30.00-42.00 
(35.33± 0.78) 
35.00-49.00 
{41.71± 1.07) 
3.45-4.35 
(3.95±0.06) 
2.86-3.57 
(3.29±0.04) 
2.50-4.35-
(3.55±0.07) 
2.33-3.70 
(2.99±0.05) 
2.94-4.00 
(3.43±0.07) 
2.63-3.33 
(2.91±0.06) 
2.94-3.70 
(3.41±0.04) 
2.22-3.13 
(2.80±0.04) 
2.27-3.57 
(2.98±0.08) 
2.22-2.86 
(2.53+0.04) 
2.63-3.33 
(2.92±0.04) 
2.13-2.94 
(2.52±0.04) 
2.38-3.33 
(2.85±0.06) 
2.04-2.86 
(2.42±0.06) 
Contd . . . ,151 
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Brassica oleracea 
Var. botrytis 
Sorghum vulgare 
Trifolium alexandrinum 
Seteria verticillata 
Saccharum officinarum 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
30.00-42.00 
(37.23± 0.82) 
39.00-49.00 
(44.33± 0.83) 
30.00-46.00 
(37.52± 0.87) 
37.00-50.00 
(43.54± 0.84) 
35.00-46.00 
(40.04± 0.60) 
37.00-51.00 
(44.16± 0.99) 
36.00-50.00 
(43.30± 1.54) 
39.00-60.00 
(50.06+ 1.57) 
40.00-52.00 
(45.08± 1.07) 
44.00-56.00 
(50.40± 1.36) 
39.00-54.00 
(46.50± 3.12) 
40.00-67.00 
(53.71± 2.64) 
52.00-63.00 
(56.71± 1.38) 
60.00-70.00 
(65.50± 1.25) 
60.00-72.00 
(64.50± 2.28) 
70.00-82.00 
(75.33± 3.53) 
62.00-75.00 
(69.40± 2.18) 
74.00-80.00 
Inn IOJ. 1 n r \ 
2.38-3.33 
(2.72±0.06) 
2.04-2.56 
(2.27±0.04) 
2.17-3.33 
(2.70±0.06) 
2.00-2.70 
(2.32±0.05) 
2.17-2.86 
(2.51±0.04) 
1.96-2.70 
(2.28±0.05) 
2.00-2.78 
(2.34±0.08) 
1.67-2.56 
(2.03±0.07) 
1.92-2.50 
(2.23±0.05) 
Andropogon adoratus 44.00-56.00 1.79-2.27 
(2.00±0.05) 
1.85-2.56 
(2.18±0.15) 
Brassica compestris 40.00-67.00 1.49-2.17 
(1.88±0.09) 
1.59-1.92 
(1.77±0.04) 
1.43-1.67 
(1.53±0.03) 
1.39-1.67 
(1.56±0.05) 
Spinacia oleracea ^ ^ 1.22-1.43 
(1.33+0.06) 
1.33-1.61 
(1.45±0.05) 
Solanum melongana _ ^ 74.00-80.00 1.25-1.35 
(1.29±0.03) 
Mean ± S.E. is given in parentheses 
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(b) Effect of food plants on the survivality of nyiriphal stages : 
The survival of various nymphal stages is also 
dependent on the quality and quantity of food plants 
available in the breeding ground. All the available food 
plants have been tested in the laboratory and the data are 
given in Table 35. Twenty two food plants were used and 
preference by insects in terms of sex, percentage of hoppers 
reaching adult stage (n), average hopper development period 
(P) and growth index (n/P) of this species are. different for 
differentplants.lt is evident from the data that the highest 
percentage of hoppers successfully reaching adult stage 
while feeding on Cyperus rotundus and the lowest on Solanum 
melongana. The last six plants listed in the Table 35 were 
totally rejected. 
(c) Effect of food plants on adult survival and longevity : 
The adults are resistent to various adverse effects 
of food and feeding in the natural breeding areas but when 
tested with six dominant food plants in the laboratory with 
respect to pre-copulation, pre-oviposition, oviposition, 
post-oviposit ion periods and longevity of adults of 
Gastrimargus africanus in terms of time at 35°C/ it was 
found that Cyperus rotundus was the most preferred plant and 
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Brassica oleracea Var, botrytis was found negatively 
affecting the longevity (Tables 25, 35 and Fig. 62). 
The longevity of adults was found to be different 
with Seteria glauca recorded as 31.60 days in males and 29.90 
days in females. It was highest while feeding on Cyperus 
rotundus as 37.30 days in males and 36.70 days in females. 
(d) Effect of food plants on the fecundity : 
The six species of food plants dominating the area 
were tested to find out if these plants affect the 
fecundity in females. The data in Table 37 show the average 
fecundity to be highest (254.45) with Cyperus rotundus and 
lowest (106.76) with Sorghum vulgare. 
(e) Food preferences in nymphs : 
The food preferences are indicative of nutritive 
preferential values of the food plants in a given area. The 
present experiment was designed to analyse the food 
preferences in nymphs and adults of this species. The food 
plants tested in terms of accepted or rejected by the 
grasshopper or minimum and maximum survival potential of the 
same (Figs. 60/ 61). This new approach to the nutritional 
ecology may be of applied nature for entomologists in 
general. 
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CHAPTER-IV 
(D) MORPHOMETRICS AND GREGARIOUS BEHAVIOUR 
The present study on morphometries of the hoppers 
and adults of this species is on the same pattern as was 
done in the case of Oedaleus abruptus. All the parameters as 
well as body part indices taken for adults are same. In this 
species parameters like b, V, C, P and mS (males) and B, V, 
MX, St/ mS, SE, w and f (females) were found statistically 
significant (Tables 38-41). 
The comparative account of body part measurements is 
given in Tables 38-44, summarising the stability and gradual 
developmental ratios among body parts which represent 
mathematical progression in various components. All the 
measurements were made on 20 males and 20 females in 
isolated and crowded conditions. 
It is evident from the results that the significant 
changes in some body parts under stress of crowding have 
occurred and show a definite tendency of gregariousness and 
phase formation attitude. These findings are very 
significant taking into account the polymorphic behaviour of 
this species. 
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(a) Isolation : 
The body parts of all the nymphal instars measured 
while in isolation are comparable to that of individuals in 
crowding conditions and thus show a definite and marked 
difference in various parameters in morphometries (Tables 
38, 39). 
(b) Crowding : 
On few occasions in nature and on many occasions in 
the laboratory, the aggregation of nymphal instars and 
adults were recorded. An experimental batch of aggregating 
nymphal instars and adults were subjected to morphometrical 
analysis of body parts with two different sexes and 
tabulated in Tables 38, 39 depicting a significant change 
during such gregarious conditions. Of all 24 indices, some 
have shown significant morphometrical changes in both the 
sexes. These changes were prominent in length and width of 
body, width of vertex between the eyes, maximum width of 
head, length and maximum width of pronotum, length of 
sternum, minimum width of mesosternal interspace, span of 
body with elytron, width of wing and hind femur. Standard 
deviation were calculated in both crowded and isolated 
1 6 1 
conditions which support the basic apprehension that the 
species under study is a polymorphic and gregarious in 
na ture. 
(c) Colour changes : 
The natural colour of this species is metallic or 
lustrous in appearance with many other combinations of 
colours. The normal pigmentation changes according to the 
age of the instar. The detailed account comparing with 
Oedaleus abruptus has already been given in Chapter-IV, 
Part-I, D(c) (Fig. 7B). 
(d) Swarming : 
The temporary gregarization and discontinuous 
aggregation activity of this species was observed on many 
occasions. These preliminary observations have shown 
differences in size and colours and are mentioned in 
Chapter-IV, Part-I, D(d). 
(e) Band formation : 
In the early instar hoppers the primary grouping has 
been a common feature and previously was recorded in 1985 
leading to a hypothesis that this species definitely linked 
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with those acridoids having occasional gregarization. 
Recordings are mentioned with Oedaleus abruptus in 
Chapter-IV, Part-I, D(e). 
(f) Instinctive behaviour : 
This occasional gregarization seems to be 
instinctive because it is repeated frequently leaving 
temporal conditions aside. This instinct is linked with 
outbreaks of this species. This is not found when hatchings 
are poor and the species found numerically at the lowest 
ebb. Both the species under study have shown primary 
swarming/ band formation and instinctive gregarious 
behaviour because they are sharing same ecological habitat 
and almost similar feeding and biological habits. 
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Table : 38. Means, standard errors and standard deviations of crowded 
and isolated adults of Gastrimargus africanus 
No 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
Indices 
Length of body 
Width of body-
Length of antenna 
Width of vertex 
between the eyes 
Vertical diameter 
of eye 
Horizontal diameter 
of eye 
Max. width of head 
Length of pronotum 
Height of pronotum 
Max. width of pronotum 
Min. width of pronotum 
Length of sternum 
Min. width of meso-
sternal interspace 
Min. width of meta-
sternal interspace 
Max. width of meta-
sternal interspace 
Length of elytron 
Width of elytron 
Span of body with 
elytron 
Length of wing 
Width of wing 
Length of anterior 
femur 
Length of middle 
femur 
Length of hind femur 
Width of hind femur 
Sym 
bol 
B 
b 
A 
V 
0 
Oh 
C 
P 
H 
NX 
Mp 
St 
mS 
mT 
mxT 
E 
e 
SE 
W 
w 
AF 
MF 
F 
f 
MALES 
- Mean and 
s error 
Crowded 
23.50±0.201 
5.53±0.055 
11.73±0.171 
1.39±0.011 
2.3310.012 
1.69±0.011 
4.42+0.034 
5.76±0.062 
5.72±0.061 
5.09±0.053 
4.28±0.036 
6.92±0.072 
1.28±0.024 
0.67±0.017 
1.3010.012 
25.3710.291 
4.9210.071 
56.6810.585 
23.3510.292 
13.1910.188 
4.0310.042 
4.8410.053 
13.99+0.163 
3.3910.039 
• standard 
Isolated 
24.0710.251 
5.3710.032 
11.65+0.101 
1.33+0.014 
2.34+0.015 
1.6610.013 
4.33+0.029 
5.9610.072 
5.60+0.038 
5.07+0.045 
4.2510.038 
6.9310.041 
1.2010.012 
0.6410.011 
1.3110.015 
25.9010.232 
4.99+0.051 
56.5010.434 
23.9410.282 
12.9610.147 
4.1210.038 
4.8810.046 
14.0010.137 
3.45+0.031 
Standard 
deviation 
Crowded 
0.897 
0.246 
0.766 
0.050 
0.053 
0.047 
0.153 
0.276 
0.274 
0.237 
0.159 
0.323 
0.108 
0.078 
0.052 
1.303 
0.316 
2.615 
1.307 
0.842 
0.186 
0.235 
0.730 
0.174 
Isolated 
1.124 
0.144 
0.452 
0.063 
0.068 
0.056 
0.128 
0.322 
0.'171 
0.200 
0.171 
0.182 
0.053 
0.049 
0.065 
1.039 
0.230 
1.941 
1.262 
0.656 
0.170 
0.206 
0.611 
0.138 
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Table : 39. Means standard errors and standard deviations of crowded 
and isolated adults of Gastrimargus africanus. 
FEMALES 
No. Indices Sym-
bols 
Mean and standard 
error 
Crowded 
standard 
deviation 
Isolated Crowded Isolated 
1 Length of body 
2 Width of body 
3 Length of antenna 
4 Width of vertex 
between the eyes 
5 Vertical diameter 
of eye 
6 Horizontal diameter 
of eye 
7 Max. width of head 
8 Length of pronotum 
9 Height of pronotum 
10 Max. width of pronotum 
11 Min. width of pronotum 
12 Length of sternum 
13 Min.width of memso-
sternal interspace 
14 Min. width of meta-
sternal interspace 
rs Max. width of meta-
sternal interspace 
16 Length of elytron 
17 Width of elytron 
18 Span of body with 
elytron 
19 Length of wing 
20 Width of wing 
21 Length of anterior 
femur 
22 Length of middle 
femur 
23 Length of hind femur 
24 Width of hind femur 
B.: 36.62±0.426 
b 8.09±0.078 
A 13.06+0.253 
V 2.17±0.016 
MF 
35.30±0.217 1.906 0.971 
8.0110.039 0.351 0.174 
13.10±0.141 1.130 0.629 
2.12±0.015 0.071 0.068 
0 
Oh 
C 
P 
H 
Mx 
Mp 
St 
mS 
mT 
mxT 
E 
e 
SE 
W 
w 
AF 
2 
2. 
6, 
8, 
8, 
7. 
6. 
9. 
1. 
1. 
2, 
36, 
6, 
80. 
33, 
18, 
5. 
.85±0.027 
.1410.019 
.4910.046 
.37+0.063 
.1610.050 
.5610.065 
.2210.047 
.9310.125 
.7510.022 
.4510.033 
.3610.038 
.2510.395 
.7610.064 
.0710.808 
.3310.391 
.5810.156 
.5810.069 
2 
2 
6, 
8, 
8. 
7. 
6, 
9, 
1, 
1. 
2. 
35, 
6, 
78, 
32, 
17, 
5, 
.8710.027 
.1310.016 
.4110.039 
.32+0.076 
.1110.056 
.3710.060 
.1510.047 
.6210.057 
.6910.019 
.4410.018 
.32+0.021 
.4310.208 
.63+0.075 
.2310.398 
.6710.225 
.7010.144 
.5110.036 
0, 
0, 
0, 
0, 
0, 
0. 
0. 
0, 
0. 
0. 
0, 
1, 
0, 
3, 
1, 
0. 
0. 
.119 
.087 
.206 
.280 
.225 
.290 
.208 
.560 
.097 
.149 
.169 
.765 
.285 
.613 
.749 
.697 
.309 
0.120 
0.073 
0.176 
0.340 
0.252 
0.268 
0.212 
0.256 
0.084 
0.080 
0.092 
0.928 
0.337 
1.779 
1.006 
0.646 
0.162 
6.6810.066 6.6110.041 0.297 
F 20.2510.166 20.2710.129 0.741 
f 4.9710.044 4.8610.031 0.196 
0.184 
0.576 
0.138 
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Table : 40. Differences between means of body part measurements for 
adults of Gastrimargus africanus. 
MALES 
No. Indices Sym-
bols 
Crowded - Isolated 
Difference d.f. 
1 Length of body B 
2 Width of body b 
3 Length of antenna A 
4 Width of vertex V 
between the eyes 
5 Vertical diameter O 
of eye 
6 Horizontal diameter Oh 
of eye 
7 Max. width of head C 
8 Length of pronotum P 
9 Height of pronotum H 
10 Max. width of pronotum Mx 
11 Min. width of pronotum Mp 
12 Length of sternum St 
13 Min. width of meso- mS 
sternal interspace 
14 Min. width of meta- mT 
sternal interspace 
15 Max. width of meta- mxT 
sternal interspace 
16 Length of elytron E 
17 Width of elytron e 
18 Span of body with SE 
elytron 
19 Length of wing W 
20 Width of wing w 
21 Length of anterior AF 
femur 
22 Length of middle femur MF 
23 Length of hind femur F 
24 Width of hind femur f 
-0.57 
+ 0.16 
+ 0.08 
+ 0.06 
-0.01 
+ 0.03 
+ 0.09 
-0.20 
+ 0.12 
+ 0.02 
+0.03 
-0.01 
+ 0.08 
+ 0.03 
-0.01 
- 0 
- 0 
+ 0 
- 0 , 
+ 0, 
- 0 , 
- 0 . 
- 0 . 
- 0 . 
. 5 3 
. 0 7 
. 1 8 
. 59 
. 23 
.09 
.04 
.01 
.06 
1.770 
2.500 
0.402 
3.333 
0.526 
1.875 
2.000 
2.105 
1.667 
0.290 
0.577 
0.120 
2.963 
1.429 
0.526 
1.421 
0 .805 
0 .247 
1.453 
0 .962 
1.607 
0 .571 
0 .047 
1.200 
38 
38 
38 
< 0 . 1 
> 0 .05 
< 0 . 0 5 
< 0 . 0 7 
> 0 . 6 
38 
38 
38 
38 
38 
< 0 . 0 1 
< 0 . 6 
<:0 .1 
38 
38 
38 
38 
38 
38 
38 
< 0 .05 
< 0 .05 
< 0 . 1 
«C0.8 
< 0 . 6 
< 0 . 9 
< 0 . 0 1 
: 0 . 2 
< 0 . 6 
38 < 0 . 2 
38 < 0 . 5 
38 < 0 . 9 
38 < 0 . 2 
38 < 0 . 4 
38 < 0 . 2 
38 < 0 . 6 
38 < 0 . 9 
38 < 0 . 3 
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Table : 41. Differences between means of body part measurements for 
adults of Gastrimargus africanus. 
FEMALES 
No. Indices Sym-
bols 
Crowded - Isolated 
Difference d.f. 
1 Length of body 
2 Width of body 
3 Length of antenna 
4 Width of vertex 
between the eyes 
5 Vertical diameter 
of eye 
6 Horizontal diameter 
of eye 
7 Max. width of head 
8 Length of pronotum 
9 Height of pronotum 
10 Max. width of pronotum 
11 Min. width of pronotum 
12 Length of sternum 
13 Min. width of meso-
sternal interspace 
14 Min. width of meta-
sternal interspace 
15 Max. width of meta-
sternal interspace 
16 Length of elytron 
17 Width of elytron 
18 Span of body with 
elytron 
19 Length of wing 
20 Width of wing 
21 Length of anterior 
femur 
22 Length of middle 
femur 
23 Length of hind femur 
24 Width of hind femur 
B 
b 
A 
V 
O 
Oh 
C 
P 
H 
MX 
Mp 
St 
mS 
mT 
mxT 
E 
e 
SE 
W 
w 
AF 
MF 
+ 1.32 
+ 0.08 
-0.04 
+ 0.05 
-0.02 
+0.01 
+ 0 . 0 8 
+ 0 . 0 5 
+ 0 . 0 5 
+ 0 . 1 9 
+ 0 . 0 7 
+ 0 . 3 1 
+ 0 . 0 6 
+ 0 . 0 1 
+ 0 . 0 4 
+ 0 . 8 2 
+ 0 . 1 3 
+ 1 .84 
+ 0 . 6 6 
+ 0 . 8 8 
+ 0 . 0 7 
+ 0.07 
2 . 7 6 2 
0 . 9 0 9 
0 . 1 3 8 
2 . 2 7 3 
0.526 
0 .400 
1 . 3 1 1 
0 . 5 1 0 
0 . 6 5 8 
2 . 1 5 9 
1 . 0 6 1 
2 . 2 4 6 
2 . 0 6 9 
0 . 2 6 3 
0 . 9 3 0 
1 .839 
1 . 3 1 3 
2 . 0 4 2 
1 . 4 6 3 
4 . 1 3 1 
0 . 8 9 7 
0 . 8 9 7 
38 ' 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
< 0 . 0 1 
< 0 . 4 
< 0 . 9 
< 0 . 0 5 
< 0 . 6 
< 0 . 7 
< 0 . 2 
< 0 . 6 
< 0 . 6 
< 0 . 0 5 
< 0 . 3 
< 0 . 0 5 
< 0 . 0 5 _ 
< 0 . 8 
< 0 . 4 
< 0 . 1 
< 0 . 2 
< 0 . 0 5 
< 0 . 2 
< 0 . 0 0 1 
< : 0 . 4 
38 : 0 .4 
F 
f 
- 0 . 0 2 
+ 0 . 1 1 
0 . 0 9 5 
2 . 0 3 7 
38 
38 
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CHAPTER-V 
MISCELLANEOUS OBSERVATIONS 
During biological studies on these two species, 
found in close association, certain miscellaneous 
observations were also recorded. 
(a) Effect of isolated and crowded conditions on the 
viability of eggs/ egg-pods and incubation periods : 
The two conditions were designed during rearing of 
these species namely isolated and crowded and the parameters 
were taken in order to find negative or positive impact. The 
data thus obtained for Oedaleus abruptus (Table 45) and 
Gastrimargus africanus (Table 46) are self explanatory 
showing definite influence of crowding on such parameters. 
It is interesting to note that in these solitary 
grasshoppers the crowding plays an ecological role by 
showing the effects on the eggs, egg-pods and incubation 
period. Number of egg-pods were laid by isolated females to 
an average of 5.96 while in crowded females the number has 
been reduced to an average of 6.40 in case of Oedaleus 
abruptus and in case of Gastrimargus africanus the egg-pods 
laid by isolated females to an average of 8.04 and by 
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Table : 45. Effect of isolated and crowded conditions on 
the viability of egg-pods and eggs and inc-
ubation period of. Oedaleus abruptus at 35±1°C 
and 70±5% R.H. 
Indices Rearing condition 
Isolated Crowded 
'Number of egg_pods 55 70 
Number of viable egg-pods 37 54 
Number of non-viable egg-pods 18 16 
Percentage of viable egg-pods 67.27 77.14 
Percentage of non-viable 32.73 22.86 
egg_pods 
Percentage of eggs hatched 35.71-94.12 8.33-94.74 
(fertilityiS.E.) (70.98± 2.87) (76.38± 2.57) 
Percentage of non-viable eggs 5.88-64.29 5.26-91.67 
(mortalitylS.E.) (29.02± 2.87) (23.62± 2.57) 
Incubation period 15.00-25.00 15.00-30.00 
(days+S.E.) (19.00± 0.41) (20.43± 0.38) 
Development of eggs/day 4.00- 6.67 3.33- 6,67 
(% + S.E.) (5.35± 0.11) (4.98± 0.09) 
Mean ± S.E. is given in parentheses 
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Table : 46. Effect of isolated and crowded conditions on the 
viability of egg-pods and eggs and incubation 
period of Gastrimargus africanus at 35±1°C and 
70+5% R.H. 
Indices Rearing condition 
Isolated Crowded 
Number of egg-pods 55 60 
Number of viable egg-pods 41 49 
Number of non-viable egg-pods 14 11 
Percentage of viable egg-pods 74.55 81.67 
Percentage of non-viable 25.45 18.33 
egg-pods 
Percentage of eggs hatched 25.86-98.46 14.89-98.28 
(fertility ±s.E.) (62.07± 2.47) (68.16± 3.15) 
Percentage of non-viable eggs 1.54-74.14 1.72-85.11 
(mortalityiS.E.) (37.93± 2.47) (31.84± 3.15) 
Incubation period 17.00-26.00 17.00-29.00 
(dayslS.E.) (21.05± 0.36) (22.33± 0.35) 
Development of eggs/day 3.85- 5.88 3.45- 5.88 
(% ± S.E.) (4.81± 0.08) (4.53± 0.07) 
Mean ± S.E. is given in parentheses 
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crowded females average egg-pods reduced to 7.08. Similarly 
the significant difference in viable egg-podS/ percentage of 
viable egg-pods, fertility and mortality were found to be 
different in Oedaleus abruptus while in Gastrimargus 
africanus such difference were too significant. These 
observations do indicate clearly that both the species are 
sensitive to isolated and crowded conditions. This 
phenomenon is very specific to permanently gregarious locust 
species. 
(b) Effect of isolated and crowded conditions on the 
pre-copulation,pre-oviposition/ oviposition, post-oviposition 
and longevity of adults : 
Another aspect of crowded and isolated conditions 
and their impact on various parameters of biology are shown 
in Tables 47 and 48 for Oedaleus abruptus and Gastrimargus 
africanus, inferring that a slight change is found in 
pre-copulation and post-copulation periods. Both these 
species are found tending towards behavioural changes when 
subjected to two different conditons. The slight deviations 
are of much importance and are indicative of a hidden 
tendency of gregariousness at times, in these two species. 
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Table : 47. Effect of isolated and crowded conditions on the 
pre-copulation, pre-oviposition, oviposition, post-
oviposition periods and longevity of adults of 
Oedaleus abruptus at 35±1°C and 70±5% R.H. and 
fed on grass Cynodon dactylon. 
(Data based on 25 observations) 
Length of periods 
(days) 
Rearing Conditions 
Isolated Crowded 
Pre-copulation period 4.00- 9.00 
(6.24± 0.32) 
3.00- 8.00 
(5.48± 0.26) 
Pre-oviposition period 3.00- 9.00 
(5.84+ 0.32) 
2.00- 8.00 
(4.40± 0.31) 
Oviposition period 8.00-36.00 
(24.68+ 1.67) 
9.00-29.00 
(18.28+ 1.21) 
Post-oviposition period 1.00- 6.00 
(3.08± 0.28) 
l-.OO- 6.00 
(2.80± 0.24) 
MALE 
21.00-59.00 
(38.60+ 2.05) 
18.00-44.00 
(29.16± 1.50) 
Longevity of adults 
FEMALE 
22.00-56.00 
(39.84± 2.02) 
21.00-41.00 
(30.96± 1.19) 
Mean + S.E, is given in parentheses. 
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Table : 48. Effect of isolated and crowded conditions on the 
pre-copulation/ pre-oviposition, oviposition, post-
oviposition periods and longevity of adults of 
Gastrimargus africanus at 35±1°C and 70±5% R.H. and 
fed on grass Cynodon dactylon. 
(Data based on 25 observations) 
Length of periods 
(days) 
Rearing Conditions 
isolated Crowded 
Pre-copulation period 5.00-10.00 
(6.72± 0.31) 
5.00- 9.00 
(6.88± 0.27) 
Pre-oviposition period 4.00- 9.00 
(6.24+ 0.25) 
4.00- 9.00 
(6.08± 0.26) 
Oviposition period 11.00-36.00 
(24.40± 1.32) 
13.00-34.00 
(24.64± 0.98) 
Post-oviposit ion period 1.00- 5.00 
(2.24± 0.21) 
1.00- 6.00 
(2.48± 0.25) 
MALE 
Longevity of adults 
FEMALE 
14.00-70.00 
(38.68± 2.77) 
25.00-51.00 
(39.60+ 1.41) 
16.00-67.00 
(41.48± 2.60) 
27.00-51.00 
(40.08± 1.10) 
Mean + S.E. is given in parentheses. 
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(c) Effect of isolated and crowded conditions on the 
fecundity of females : 
Adult females of both species under study, were 
subjected to isolated and crowded conditions and the total 
number of egg-pods laid, egg-pods per female, total number 
of eggs and average fecundity were calculated. In both 
cases the crowding does affect all the parameters, as is 
also seen in all locust species. Therefore, these 
observations (Tables 49 and 50) are significant to determine 
the behaviour under crowded conditions. 
(d) Effect of isolated and crowded conditions on survival, 
hopper duration/ rate of development and growth index : 
In this set of experiment, both the species show 
considerable resemblance in behaviour when put to crowding. 
However, Gastrimargus africanus was found to be more 
reactive in the crowded condition as compared to Oedaleus 
abruptus (Tables 51 and 52). Number of hoppers attained 
adult stage in Gastrimargus af ricanus was found as 92 out of 
122 in isolated condition while in crowded stage it has gone 
to 73 out of 120. This ratio was found to be less in 
Oedaleus abruptus. Similarly the growth index (n/P) is 
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Table : 49. Effect of isolated and crowded conditions on the 
fecundity of females of Oedaleus abruptus at 
35±1°C and 70±5% R.H. and fed on grass Cynodon 
dactylon. 
Indices Rearing condition 
Isolated Crowded 
Number of females 25 25 
Total number of egg-pods laid 174 160 
Average number of 
egg-pods/femalelS.E, 
(a) 6.96±0.36 6.40±0.34 
Total number of eggs laid 2575 2294 
Average number of 
eggs/egg-pod±S.E. (b) 14.53±0.27 14.29±0.29 
Average fecundity (axb) 101.13 91.46 
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Table : 50. Effect of isolated -and crowded conditions on the 
fecundity of females of Gastrimargus africanus 
at SSil^C and 70±5% R.H. and fed on grass Cynodon 
dactylon. 
Indices Rearing condition 
Isolated Crowded 
Number of females 25 25 
Total number of egg-pods laid 201 177 
Average number of 
^r,r. ^^ H^=/^ ^^ n,= ^ o + c^  p (a) 8.04±0.35 7.08±0.33 egg-pods/1emaleiS.E. 
Total number of eggs laid 11666 9992 
Average number of 
^ ^ ^ (b) 57.94±1-14 56.13±0.70 
eggs/egg-pod±S.E. 
Average fecundity (axb) 465.84 397.40 
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obviously more sensitive to such conditions in Gastrimargus 
africanus as compared to Oedaleus abruptus. 
(e) Effect of various food plants on the different body 
parts under crowded condition : 
This experiment was designed during normal rearing 
of both sexes of these two species/ taking into account only 
eight important body parts and eight food plants inclusive 
of less preferred plants as well. The data on analysis have 
shown definite changes in body part measurements versus 
food plants as evident from Tables 53—56. 
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CHAPTER- VI 
DISCUSSION 
The adults of Gastrimargus africanus frequent bare 
grounds in tall grassland and cultivated ground in October 
and November. They come to light in large numbers. The adults 
are distinguished from other economic species throughout most 
of its range by the hind wings basally bright yellow and with 
a thick complete dark band, and the hind femur ventrally 
blue. The adults are gregarious and congregate in masses on 
thick grasses, bushes and tree tops up to a height of 20 to 
25 feet in the early hours of the day. They are photopositive 
and get disturbed by shadows and wind blows. 
The adults of Pedaleus abruptus are commonly found in 
short grassland are graminivorous and distinguished from its 
smaller size and incomplete hind wing fascia. They are also 
attracted to light indicating their migrational potential. 
Occasionally adults are found in gregarious form and , 
congregate in masses on grasses, bushes and tree tops and get 
disturbed when fast blowing wind disturbs the crop plants or 
trees. 
Similar observations have been made by Pick & Lea 
(1970) in locustana pardalina of which the fourth and the 
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fifth instar hoppers spend about 15 minutes sitting 
frequently towards the sun. Toye (1974) observed in Zonocerus 
variegatus that both nymphs and adults were active between 
7.0 am and 7.0 pm with a peak activity between 2.0 to 4.0 pm, 
The act of copulation in these two species under 
study has been preceded by a more or less elaborate courtship 
which is of immense interest with reference to the time of 
copulation lasting about 34-100 minutes. The data on the 
time spent in copulation are extremely variable even for the 
same species. One reason for the variation might be that 
some of the very brief periods recorded possibly referred to 
uncompleted attempts at copulation while very long ones refer 
to cases of copulation commencing late in the day and 
continuing overnight when a lower temperature slows down or 
inhibits all activities. Copulation times in some species 
have been recorded by Srivastava (1957) in Atractomorpha 
crenulata; Gregory (1961) in Locusta migratoria 
migratorioides; Hafez & Ibrahim (1958) in Acrida pellucida. 
The mechanism involved in oviposition was found to be 
a typical acridian pattern such as digging/ making false 
holes and showing selection preferences to soil texture. The 
average egg-laying process was 83.88±3.93 minutes while the 
minimum was 43 minutes and the maximum was 165 minutes in 
Oedaleus abruptus. The average egg-laying time was 
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128.90±4.09 minutes while the minimum was 70 minutes and 
maximum was 190 minutes in Gastrimargus africanus. The entire 
time of oviposition was recorded by Khan (1974) to be 30-50 
minutes in Oedaleus abruptus and 30-80 minutes in 
Eyprepocnemis alacris. The process of oviposition is of 
general acridoid type as also recorded by Iqbal & Aziz 
(1974). 
The size of the egg-pod is mainly determined by the 
number of egg-layings per female. In Oedaleus abruptus the 
average number of egg-pods per female was found to be 
6.96±0.36 (isolated condition) and 6.40±0.34 (crowded 
condition) and the size of the egg-pods laid earlier was 
longer than the egg-pods laid later while in Gastrimargus 
africanus it was 8.04±0.35 (isolated condition) and 7.08±0.33 
(crowded condition). Similar observations have been recorded 
by Khan (1974) in Oedaleus abruptus. Majeed (1978) found the 
average number of egg-pods per female in Gastrimargus 
transversus to be 4.10 and ranging from 2-7 in isolated 
condition. No observation was reported under crowded 
condition. 
The results show that isolated and crowded conditions 
effect the average fecundity of females of Oedaleus abruptus 
and Gastrimargus africanus. Similar results had been recorded 
by Norris (1950/ 1952) in Locusta, and in Schistocerca and 
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Albrecht (1959) in Nomadacris. Such behaviour related to 
fecundity can be attributed to a polymorphic behavioural 
pattern. 
Average number of eggs per egg-pod was found to be 
57.94 in Gastrimargus africanus and 14.53 in Oedaleus 
abruptus under isolated condition. Khan (1974) recorded 
similar observations in Oedaleus abruptus. Majeed (1978) made 
observations on the number of egg-pods per female in 
Gastrimargus transversus and found it to be 4.10 ranging from 
2-7 under isolated conditions. In this case the size of the 
egg-pods varies from 40-65 mm in length. Obviously the 
variations in size of egg-pods can be attributed to the 
number of eggs contained in it. Similar variations have also 
been reported in other acridoids. The size and shape of the 
egg-pods was related to moisture/ the food of the parent 
grasshopper and the number of egg-pods laid previously as 
reported by Norris (1950) and also to the nature of the soil 
as reported by Hilliard (1959). Ewer (1977) had also observed 
foam plug in the egg-pods in Schistocerca gregaria and 
Locusta migratoria. 
The incubation period and hatching time in acridoids 
recorded by Bernays (1971b) for Schistocerca are of 
significance. The temperature, moisture and food have been 
reported to play an important role in successful hatching 
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(Dempster, 1963) . The vermiform larvae of Oedaleus abruptus 
and Gastrimargus africanus are enclosed in a thick cuticular 
membrane, the larvae later on shed their outer covering and 
this casting is usually termed as "intermediate moult". Some 
authors have not considered this intermediate moult to be a 
true one. The present author could not find any significant 
difference between this and the subsequent moults; he is, 
therefore, very much inclined to agree with Uvarov (1966). 
The isolated and crowded conditions do influence the 
viability of egg-pods, eggs and incubation period of Oedaleus 
abruptus and Gastrimargus africanus at 35±1°C with 70±5% R.H. 
in terms of number of egg-pods, number of viable egg-pods, 
fertility, mortality and development of eggs per day as 
developmental frequencies. This can be attributed to a locust 
type behaviour. Locusts species have shown short term 
incubation by crowding the females as reported by Uvarov 
(1966). 
Diapause does not occur at any stage of the 
life-cycle of Oedaleus abruptus and Gastrimargus africanus. 
It is possible to obtain four generations in a year in 
the laboratory as well as under field conditions. Golding 
egg 
(1948) reported /diapause in Gastrimargus africanus during dry 
season in Nigeria but the present author does not agree 
because there was no diapause in the three years' studies 
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with a long dry season in Aligarh and therefore, Golding's 
report does not appear significant and acceptable. Some 
laboratory observations were made by Hunter-Jones & Ward 
(1959) while working on the life-history of Gastrimargus 
africanus. Joyce (1952b) reported less regular gregarious 
behaviour in Oedaleus senegalensis but the life-cycle was not 
worked out. 
The development of hoppers is of much interest and 
many workers reported variations in the number of hopper 
instars from 4 to 6 in males and 5 to 7 in females. Similar 
variations were reported in Gastrimargus africanus by Hunter-
Jones & Ward (1959). Berezhkov (1956) could observe 5-to 
6-instars in both the sexes of Oedaleus nigrofasciatus and 
Oedaleus decorus/ respectively. The number of hopper instars 
and their variations between species have been tabulated in 
Table 75 as a ready reference in Uvarov (1966), Volume I, 
p 286. Such variations have been attributed to the food of 
the grasshopper but the present author does not agree as other 
factors also play an equally important role, such as 
temperature and parasitic pressure on the developing hoppers. 
Roonwal's (1952b) statement that most species pass 
through 5-instar was based on very incomplete data. A number 
of acridid families are either absent from the table or are 
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represented by few records and only occasional data are 
available for tropical species. Nevertheless a few suggestions 
may be made: It appears that the majority of the species in 
most grasshoppers pass through only four instars and the 
primitive grasshoppers the number may be 5 or more but the 
present author attributes this trend towards the reduction 
in number of instars to the size of the species. 
Variations in the colour and its pattern has also been 
recorded from one instar to another and in the same instar 
as well. Similar observations have been made by the present 
author in Oedaleus abruptus and Gastrimargus africanus and 
by Hunter-Jones & Ward (1959) and Rowell (1970) in 
Gastrimargus africanus and in various British acridoids by 
Richards & Waloff (1954). Rowell (1970) suggested that the 
environment determines the colouration in Gastrimargus 
africanus. Hunter-Jones & Ward (1959) have co-related this 
variation with the black background, food and humidity, the 
present author while agreeing with both these workers is also 
inclined firmly to suggest that density may also affect the 
colouration. 
Dyar's Law (1890) has been successfully applied to 
the hopper instars of Oedaleus abruptus and Gastrimargus 
africanus when they were reared under constant conditions of 
temperature, relative humidity, food and density. However, 
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no other reference on the application of Dyar's law to 
acridoids is available. Majeed (1978) applied Dyar's law in 
Gastrimargus transversus but the number of observations are 
not convincing. 
The eggs of Oedaleus abruptus and Gastrimargus 
af ricanus are laid in moist soil. It is observed that the 
development of eggs and the percentage of hatching of the eggs 
are greatly influenced by the temperature and moisture. The 
incubation period increases with the falling temperature but 
the temperature below 15°C inhibits the development of eggs 
while temperature above 50°C results in tremendous mortality 
of eggs/ irrespective of the soil moisture. Soil moisture as 
such has no significant effect on the incubation period of 
eggs but it does affect the viability and survival percentage 
of eggs at various temperatures, i.e., the viability of eggs 
increases with the increase in contact moisture to a certain 
degree (9.0%) alongwith temperature. In Gastrimargus 
africanus, the present author observed the average lowest 
percentage of eggs (27.57%) hatched at 45±1°C and average 
highest percentage (68.16%) at 35±1°C. Likewise the average 
incubation period was longest (35.04 days) at 25±1°C and 
the shortest (19.73 days) at 45±1''C. The development of eggs 
per day was lowest (2.89%) at 25±1°C and highest (5.13%) at 
45±1°C, respectively. In Oedaleus abruptus the eggs were 
exposed to a range of 15''C to 45°C. The average lowest 
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percentage of eggs hatched was 55.81% at 25±1°C and the 
average highest percentage of hatching was 76.38% at 35±1°C. 
Likewise the average incubation period was the longest (34.40 
days) at 25±1°C and shortest (20.43 days) at 35±1°C and thus 
the development of eggs per day was calculated as slowest 
(2.95%) at 25±1°C and highest (4.98%) at 35±1°C. Similar 
observations had also been recorded by Grewal & Atwal (1968) 
in Chrotogonus trachypterus/ who reported that the viability 
of eggs was mainly affected by the moisture and the incubation 
period was inversely proportional to temperature. Hunter-Jones 
(1964) had also made similar observations in Schistocerca 
gregaria and Iqbal & Aziz (1973) while working on 
Spathosternum prasiniferum, attributed their results to 
alternate temperatures. Khan & Aziz (1973a, 1974a) reported 
similar observations in Oedaleus abruptus and Eyprepocnemis 
alacris. According to Shulov & Pener (1961) and Harjai & Sikka 
(1970), the rate of mortality increases with higher soil 
moisture level. Iqbal & Aziz (1973) were also of the opinion 
that the effect of soil moisture on the hatching of eggs was 
significant while Khan & Aziz (1973a, 1974a) in Oedaleus 
abruptus and Eyprepocnemis alacris observed a decrease in 
hatching percentage due to high moisture level. They observed 
that at 35±1°C and 12.0% moisture, the hatching percentage 
was lowered to 17.70% and 56.10% in Oedaleus abruptus and 
Eyprepocnemis alacris, respectively as compared with 8.0% 
moisture. 
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Temperature and relative humidity play an important 
role in the survival and rate of development of hoppers in 
Oedaleus abruptus and Gastrimargus africanus. The rate of 
survival of hoppers increases with the increase • in temperature 
but extremes of temperature caused mortality. Similar 
observations had also been made by Hamilton (1950) in Locusta 
migratoria migratorioides and Schistocerca gregaria. Hamilton 
(1950) observed that the hoppers of Locusta migratoria 
migratorioides developed fast at 42±2°C while the lowest 
mortality occurred at 34.40°C and the respective optimum 
temperatures for Schistocerca gregaria being 38.30°C and 
32.20°C. According to him the hoppers of Schistocerca gregaria 
completed their development at 32.20°C and 45% R.H. while the 
development was not completed at 26.70°C and 25% R.H. 
Temperature and relative humidity have been found 
affecting the hopper duration and developmental index of 
Oedaleus abruptus and Gastrimargus africanus as recorded by 
the present author. The hoppers develop faster at higher 
temperatures coupled with high relative humidity than the 
lower temperatures and humidity. However, the temperature 
beyond 42°C was found to be lethal and unfavourable for the 
development of hoppers. Thus low and high temperatures 
adversely affect the hopper development but an increase in 
temperature up to 42°C decreases the hopper duration and 
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increases the developmental index. These observations are 
supported by the work done by Grewal & Atwal (1968); Pradhan 
& Peswani (1961); Parihar (1971); Iqbal & Aziz (1973) and 
Khan & Aziz (1974a, 1974c). According to Grewal & Atwal 
(1968) the hopper duration in Chrotogonus trachypterus at 
25°C, 30°C and 35°C with 40% R.H. was about 50.7, 44.1 and 
38.8 days, respectively but an increase in relative humidity 
to 70% reduced the hopper duration to 46.5, 42.2 and 33.8 
days at respective temperatures. The present author does not 
see any significant variation in these observations. Pradhan 
& Peswani (1961) in Hieroglyphus nigrorepletus reported that 
the hopper development was completed at 26°C in 71 days, 
while at 32.5°C it took only 35.1 days. It was not completed 
at 20°C and 40°C. These observations seem to be more 
pertinent. Parihar (1971) in Poecilocerus pictus observed 
that at 25°C, 30°C and 35°C the hopper duration was 274.0, 
82.0 and 63.0 days, respectively and hoppers were unable to 
complete their development at 40°C. According to Iqbal & 
Aziz (1973) the development of hoppers was very fast and rate 
of survival highest at 35°C with 75% R.H. in Spathosternum 
prasiniferum. The development of hoppers was less when 
reared below or above this combination of temperature and 
humidity. They failed to develop at 18°C and 45°C. Khan & 
Aziz (1974a, 1974c) also found in Oedaleus abruptus and 
Eyprepocnemis alacris that the hoppers develop faster at 35°C 
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and 60±5% R.H. than at 25°C and SO'C at the same relative 
humidity. The temperature beyond 35°C was unfavourable for 
the development of hoppers, however, these observations are 
not very convincing as far as Oedaleus abruptus is 
concerned. Present author has observed that the temperature 
beyond 35°C was also favourable for the development of 
hoppers. 
In Oedaleus abruptus and Gastrimargus africanus the 
hopper development and the developmental indices usually 
found accelerated by an increase in the relative humidity 
at a particular temperature. Similar observations hve been 
made by Hamilton (1950) in Locusta migratoria migratorioides 
and Schistocerca gregaria. Khan & Aziz (1974a, 1974c) 
observed that in Oedaleus abruptus and Eyprepocnemis alacris 
the rate of development of hoppers was adversely affected 
by a decrease in relative humidity from the optimal level. 
These observations are in agreement with the present author's 
observations. 
Thus on the basis of present observations, it may 
conveniently be suggested that an increase in the 
developmental indices, at the increasing temperature and 
relative humidity, is due to rapid consumption of more food 
material. 
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The life-cycles of the Gastrimargus africanus and 
Oedaleus abruptus are quite similar. Both species have two 
complete generations in a year and the third one is 
overlapping. The first hatching determines the continuance 
in development of various stages and the rate of development. 
The newly hatched nymphs during development increase their 
size and attain final instar hoppers to moult into an adult 
stage. Those acridids which are found in temperate climate 
with cold winters as found in Aligarh, may be consider as 
diapause inclined species. Some aspects of variations in 
hatching period and time of development in these species can 
be attributed to various temperature regimes experienced by 
egg-pods, availability of preferred food and conducive egg-
laying sites. Similar observations had been recorded 
by Descamps (1953); Katiyar (1960); Chapman (1961b) etc. 
Seasonal variations in the field population of 
Gastrimargus africanus and Oedaleus abruptus in different 
months of the year, 1984 and 1985 have been observed by the 
present author. Similar observations in Europian 
grasshoppers, Italian locusts, red locusts and desert locust 
have been recorded by Lensink (1963) in Chorthippus 
albomarginatus, Adam-,ovi2 ( 1959) in Dosciostaurus bravicollis 
and Richards & Waloff (1954) in British grasshoppers. 
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The adults of the two species under study are quite 
active in December and January without reproductive 
activities. Obviously this can be attributed to an 
exceptional ability of these species as an ecological 
adaptation. 
The population studies of Oedaleus abruptus and 
Gastrimargus africanus, with reference to seasonal variations 
in a year/ are based on numerical countings of all the stages 
through random catches and their small scale movements. The 
seasonal variations in north India are of special importance 
because of an open savanna in Aligarh. The author agrees 
with the remarkable work on estimated fluctuations of two 
species of Chorthippus during five years made by Richards 
& Waloff (1954). It is imperative to have the preferential 
values of food of the habitat as an important factor so much 
so that the variations in sex population are also exhibited. 
The present author was unable to obtain any convincing 
evidence that various predators play any important role 
in the numerical fluctuations however, he agrees with other 
factors responsible for such variations as described by 
Richards & Waloff (1954) while studying population dynamics 
of British grasshoppers. 
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The hopper and adults of these species occur in the 
field having grasses like Cyperus rotundas, Setaria glauca, 
Paspalum dist ichurri/ Andropogon adoratus, Panicum psilopodium 
and Cynodon dactylon which yield two complete generations 
in a year. Thus the distribution of acridoids under study 
may be correlated with these food plants as far as their 
population variations are concerned. Similarly Anderson & 
Wright (1952) and Iqbal & Aziz (1975) correlated the 
distribution of grasshoppers with the food plants of the 
habitat . The early stages of Oedaleus abruptus and 
Gastrimargus africanus usually prefer weeds and Cynodon 
dactylon but when they invade crop fields at the stage of 
advance nymphal instars they may have different preferential 
values according to the age. Thus with present studies it 
can be safely argued that the food preferential values 
change with the age of the hopper instars. Similar 
observations had also been made by Misra (1962) in Camnula 
pellucida and Iqbal & Aziz (1975) in Spathosternum 
prasiniferum. The food preferences of the adults of 
Gastrimargus africanus changes from plant to plant. 
Similarly in Oedaleus abruptus the changes in the food 
preference ecology are also found as evident from the data 
available in the foregoing pages. However^ from these 
observations it may be suggested that these grasshoppers, 
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Oedaleus abruptus and Gastrimargus africanus are 
occasionally gregarious and primarily a grass feeder but 
showing high preferences to cereals/ millets, vegetables and 
fruit plants.Several plants are not preferred by the 1st 
instar hoppers but are preferred at advance stages. These 
observations are in agreement with Misra (1962) while working 
with Camnula pellucida. It is therefore, further suggested 
that physical factors are unimportant if the composition of 
the plant is nutritionally unacceptable to the grasshoppers. 
Iqbal & Aziz (1975) studied the food preferences of 
Spathosternum prasiniferum and confirm the contention of the 
present author. 
The temperature gradient, fluctuating environmental 
conditions and locomotory behaviour, are greatly influenced 
by the environmental factors such as temperature, relative 
humidity, food, etc. The temperature influences the life of 
an egg, development, fecundity and locomotory behaviour of 
Gastrimargus africanus and Oedaleus abruptus. The eggs 
hatched and per day developmental rate at • various temperature 
level has been found more significant when about 3,000 eggs 
were tested. In both the cases temperature gradient 
influences locomotory behaviour within the area. Chapman 
(1965) made a very clear stance as far as temperature 
preference was concerned. Such environmental factors can be 
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utilised to find out the preferential values to various 
factors. Convincing observations on grasshoppers and locusts 
had been made by Ibrahim (1959) in Sphingoderus carinatus 
and Hafez & Ibrahim (1965:b) and Chapman (1965,0 in 
Sphingoderus carinatus and Schistocerca gregaria, 
respectively as far as temperature ranges were concerned. 
Likewise, the developmental process is also 
affected by relative humidity as emphasized by 
Dudley (1961) while working on Schistocerca gregaria and 
Hamilton (1950) in Locusta and Schistocerca. 
The environmental humidity and the soil moisture play 
an important role on selection of oviposition site, egg 
development and after hatching on the development as 
described by Uvarov (1966) for various acridoids. The present 
author has also made relevant and agreeable physio-ecological 
observations in relation to humidity with Gastrimargus 
africanus and Oeladeus abruptus. The observations made by 
Dudley (1961) in Schistocerca gregaria and Iqbal & Aziz 
(1975) in Spathosternum prasiniferum support the present 
author's observations and therefore, it is suggested that 
the temperature alone cannot be so effective as it can be 
with required moisture content and so every species has a 
different combination of temperature and relative humidity 
as preferred one and if these combinations are known 
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specieswise, they can be exploited in various ways. 
Food preferences in nymphs and adults affecting the 
moult/ development of hoppers, completion of life-cycle and 
distribution of insects specially among the acridoids have 
been studied by various workers and a comprehensive account 
is already presented in Uvarov (1966) but the notable are 
the works by Mulkern et^  a_l_. (1964) in Hypochlora alba and 
Albrecht (1957) in Psophus stridulus. Misra (1962) carried 
out very extensive food selection test with North American 
species Camnula pellucida which is of great significance.The 
pattern of observation and the technical food preferential 
significance made by the present author in Gastrimargus 
africanus and Oedaleus abruptus are in agreement with Mulkern 
et al . (1964)' Albrecht (1957); Misra (1962) and Chapman 
(1966) and suggest a definite classification of species on 
the basis of food preferences and factors influencing the 
food selection which in turn results in the distribution of 
species, rate of development, completion of life-cycle and 
survival potential of a given species in a given area. 
The most important aspect of the present studies has 
been the morphometry of hoppers and adults of these two 
species. All the parameters are the same. The developmental 
ratios among body parts have also been calculated. About 12 
body parts and 5 ratios have been found to be very phase 
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sensitive. The authoritative observations in this regard were 
made by Dirsh (1953); Roonwal (1955); Rao (1960) and Stower 
et_ al_. (1960) . 
The present studies on the morphometries and 
gregarious behaviour, though occasionally, have yielded 
significant results which are indicative of being influenced 
by crowding or overpopulation. Out of 24 indices of body 
parts only 8 indices have shown significant change under 
stress of crowding which is enough to include these two 
species under the category of 'locust in making' as suggested 
by Rizvi (1985). Some acridologists like Misra et_ al_. (1952); 
Nair (1953); Blackith (1957, 1962); Albrecht & Blackith 
(1957) and Stower e_t a_]^ . (1960) had done some work on phase 
polymorphism of significant value and were fundamentally in 
agreement with the present author's contention based on 
tendency to aggregate by hoppers and adults and variations 
in body parts development. 
A natural index has also been made on colour changes 
according to the age of the instar in Oedalues abruptus and 
Gastrimargus africanus. The colouration and colour patterns 
are due to structure of the integument or the pigments in 
it. The range of colours in acridoids as a whole is less 
extensive than other insects. The present author has recorded 
through photographs some colour changes and such observations 
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are significant according to the system proposed by Richards 
& Waloff (1954). Some colour changes are also associated with 
the crowding of the adults and hoppers. 
Occasional gregarization and discontinuous aggrega-
tion in Oedaleus abruptus and Gastrimargus africanus are of 
great importance. About 24 species with less regular, 
occasional gregarious behaviour of hoppers and adults have 
been mentioned from the world of acridology by Uvarov (1966) 
but the notable contribution in this regard is of Joyce 
(1952 b) in Oedaleus senegalensis; Ghouri & Ahmad (1960) in 
cases of Hieroglyphus nigrorepletus. The differences in size 
and colours in the individuals from a swarmlet suggest that 
they have the tendency of unstable gregarization which may 
become a serious problem if become stable. Primary groupings 
are a common feature in these two species which can be 
closely related the band formation tendency in early 
hoppers. 
Therefore, on the basis of present studies, though 
not in totality, it can be suggested that Oedaleus abruptus 
and Gastrimargus africanus have a tendency of gregarization 
and an ability of changing non-gregarious behaviour into a 
become 
gregarious one, under crowding stress which may/stable. This 
may be a cause for concern to the acridologists. Detailed 
and comprehensive studies, only on phase polymorphism in 
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these two species/ may yield very significant results and 
will complete the gap in our knowledge of the species with 
less regular and occasional gregarious acridoids. Similar 
suggestions had also been made by Uvarov (1966) along with 
Joyce (1952b); Key (1954); Carbonell (1957) and Rizvi (1985). 
Some miscellaneous observations on these two insects/ 
with special reference to isolated and crowded conditions, 
affecting viability of eggs, egg-pods, incubation period, 
pre-copulation, oviposition, longevity of adults, fecundity 
of females, survival potential and growth index and food 
plants association with viability of body parts are of 
preliminary nature, but having tremendous significance. These 
observations will confirm the basic tendencies of gregarious-
ness and possible stabilities in such non-gregarious 
acridoids. Similar observations had been made by Norris 
(1959) and Albrecht (1959) in Nomadacris, Papillon (1960) 
in Schistocerca and Uvarov (1966). It is therefore, concluded 
that the present work by the author is in response to Uvarov 
(1966) Volume I and Uvarov (1977) Volume II calling 
acridologists the world over to fill the gap in grasshoppers 
and locusts studies, especially non-swarming and occasionally 
gregarious, as Oedaleus abruptus and Gastrimargus africanus. 
The present comprehensive account on the ecological aspects 
may certainly be able to complete the information and would 
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suggest further line of action on the phase polymorphism 
which is urgently needed for future studies on these species, 
though solitary in nature but may become gregarious 
occasionally. The present studies will be of immense value 
in the science of locust studies and will have impact on the 
concept that- there are very few species which are locust but 
the present author is of the opinion that the process of 
'locust in making' is a perpetual ecological phenomenon among 
acridoids hitherto unknown as far as number of species are 
concerned globally. 
;(U)li^Ii^/g\|gS^ 
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CHAPTER-VII 
SUMMARY 
The adults of Gastrimarg^us af ricanus are found in 
tall grassland and cultivated grounds during rainy season. 
They migrate from their original habitat to other new 
habitats. The adults are distinguished from other economic 
species throughout most of its range by the hind wings 
basally bright yellow and with a thick complete dark band, 
and the hind femur ventrally blue. Adults are gregarious and 
congregate in masses on thick grasses, bushes and tree tops 
up to the height of 20 feet, mostly in the early hours of 
the day and are photopositive in behaviour. 
The adults of Oedaleus abruptus are commonly found 
in short grasslands and are chiefly graminivorous and 
distinguished from its smaller size and incomplete hind wing 
fascia. They are always found among the population of 
Gastrimargus africanus but separated mainly through short 
and tall grasses, respectively. They are photopositive and 
strong flyer to a considerable distance. Occasionally adults 
are found in gregarious forms and congregate in masses on 
grasses, bushes and tree tops. 
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The act of copulation in these two species is always 
preceded by more or less elaborate Courtship with special 
reference to time for complete copulation which has been 
recorded maximum as 100 minutes. 
The mechanism involved in the oviposition is of a 
typical acridian pattern with a new observation of 
preferences to oviposition sites. The egg-laying process is 
completed in about 83.88±3.93 minutes while the minimum time 
was 43 minutes. The size of the egg-pod is variable and 
mainly determined by the number of egg-layings per female. 
The average number of egg-pods per female in Oedaleus 
abruptus has been 6.96±0.36 (isolated condition) and 
6.40±0.34 (crowded condition) and the size of the egg-pod 
laid earlier was longer than the egg-pod laid later while, 
in Gastrimargus africanus the average number of egg-pods per 
female was 8.04±0.35 (isolated condition) and 7.08±0.33 (crowded 
condition) . 
The effect of isolated and crowded conditions on the 
fecundity of females of these two grasshoppers has revealed 
that the average fecundity is affected. The measurement of 
egg-pods and eggs of these two species have been observed as 
an average number of eggs per egg-pod was 57.94 (isolated 
condition) in Gastrimargus africanus and 14.53 (isolated 
condition) in Oedaleus abruptus. These two averages are the 
same in crowded conditions as well. 
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The incubation and hatching follows a typical 
acridian pattern however, the newly hatched vermiform nymphs 
of Oedaleus abruptus and Gastrimargus afri canus were 
enclosed in a thick cuticular membrane. The effect of 
isolated and crowded conditions on the viability of 
egg-pods, eggs and incubation period of Oedaleus abruptus 
and Gastrimargus africanus at 35±1°C with 70±5% R.H. is 
exhibited in terms of number of egg-pods, number of viable 
egg-pods, fertility, mortality and development of eggs per 
day as developmental frequencies and which have been 
attributed to a locust in making behaviour. 
Diapause does not occur at any stage of life-cycle 
of Oedaleus abruptus and Gastrimargus africanus and 
therefore, it is possible to obtain four generations in a 
year in laboratory as well as in field conditions with a 
difference that the fourth generation is always overlapping 
under field conditions. 
The development of hoppers in these two species is 
of much interest regarding variations in number of hopper 
instars as 5-6 instars in males and 5-7 instars in females. 
These variations were found even under constant conditions. 
The average total hopper duration reduces or increases, 
indicates the number of instars. In these species the male 
individual cycle with 6-instar hoppers is completed in 35 
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days while, the female individual cycle with 7-instar 
hoppers is completed in 40 days. The hopper duration is 
attributed to the number of instars in the cycle which is a 
new addition to the knowledge. 
The variations in colour and its pattern have also 
been significant and have been attributed to the 
environmental factors, kind of food and crowded conditions. 
Dyar's law has been successfully applied to the 
hopper instars of the Oedaleus abruptus and Gastrimargus 
africanus and they were reared under constant conditions of 
temperature, relative humidity food and density. However, no 
other reference on the application of Dyar's law in 
acridoids is available. 
The eggs of these two species are laid in moist soil 
and the development of eggs, percentage of hatching is 
greatly influenced by temperature and moisture. In 
Gastrimargus africanus the average lowest percentage of eggs 
hatched was about 27.57% at 45°C and the average highest 
percentage of hatching was up to 68.16% at 35°C. Likewise, 
the average incubation period was longest (35.04 days) at 
25 °C and the shortest (19.73 days) at 4500. The development 
of eggs per day was lowest 2.89% at 25°C and highest 5.13% 
at 45°C, respectively. In Oedaleus abruptus the average 
lowest percentage of eggs hatched was recorded as 55.81% at 
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25''C and average highest percentage of hatching was about 
76.38% at 35°C. Likewise/ the average incubation period was 
the longest (34.40 days) at 25°C and shortest (20.43 days) 
at 35°C and thus the development of eggs per day was 
calculated slowest (2.95%) at 25"C and highest (4.98%) at 
35»C. 
The temperature and relative humidity have shown 
significant effects on the survival, rate of development and 
life and living of these two species. The rate of survival 
of hoppers increases with temperature but extremes of 
temperature resulted in mortality. However, the temperature 
beyond 42°C was found to be lethal and thus low and high 
temperatures adversely affect the hopper duration and the 
longevity of the adults. In these two grasshoppers the 
hopper development and developmental indices were found to 
be accelerated by an increase in relative humidity at a 
particular temperature. On the basis of these obsrvations it 
has conveniently been suggested that an increase in the 
developmental indices at the increasing temperature and 
relative humidity is due to rapid consumption of more food 
material. 
Since both these grasshoppers form a common 
population in North Indian grasland and cultivated crop 
fields, their life-cycles are of similr nature. Both species 
have two complete generations and the third one may or may 
not be completed and the fourth one is overlapping. The 
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first hatching determines the continuance in the development 
of various stages and the rate of development. 
Seasonal variations in the natural populations of 
Gastrimargus africanus and Oedaleus abruptus in different 
months of the years 1984 and 1985 have been recorded 
carefully. The adults of these two species are quite active 
in December and January without reproductive activities 
which is attributed to an ecological reproductive adaptation. 
The population size of these grasshoppers with 
reference to seasonal variations on yearly basis of all 
stages through random sampling have been estimted. It was 
found that the populations are very high with reproductive 
activities during rainy season in the months of August, 
September and in March and April. The hoppers and adults of 
these species are found in fields determined by grasses like 
Cyperus rotundus; Seteria glauca, Paspalum distichum, 
Andropogon adoratus/ Panicum psilopodium and Cynodon 
dactylon. The populations and various generations appear to 
be correlated with the availability of these food plants 
which have become a factor influencing the population 
structure. The early stages of these grasshoppers usually 
prefer weeds and Cynodon dactylon but when they invade crop 
fields after attaining advance nymphal stages may have 
preferences of food according to age. 
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The locomotory behviour is greatly influenced by the 
^environmental factors, such as temperature, relative 
humidity/ food, air speed and human activities. The 
temperature influencing the life of an egg of these two 
grasshoppers is of great significance. Likewise, it also 
affects development, fecundity and locomotory behaviour. The 
congregation of early instar hoppers on the top of grasses 
during early hours and sheltering in bushes during mid day 
time is indicative of behavioural responses to changing 
temperature gradient in the atmosphere. Short distance 
flights among adults are influenced by the wind speed and 
the direction. 
The food preferences in nymphs and adults and the 
completion of life-cycle have been recorded critically in 
these two grasshoppers. Thus it is found that the 
classification of species on the basis of food preferences 
and the factors influencing the food selection which in turn 
results in the distribution of species, rate of development, 
completion of life-cycle and survival potential of a given 
species in a particular area. 
The most important part of present studies has been 
the morphometry of same parameters of the hoppers and adults 
of these two grasshoppers, under isolated and crowded 
conditions. Out of 27 different measurements of body parts. 
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and 24 ratios employed in locusts studies, about 12 body 
parts and 5 ratios have been found to be very sensitive to 
isolated and crowded conditions, leading to believe that 
these grasshoppers are instinctively gregarious, having 
initial locust like behaviour which may become a stable 
character to culminate in a final locust stage. However, 
some body parts of these grasshoppers have shown 
statistically significant change under stress of crowding 
coupled with increased temperature and support by increased 
dryness which may lead to put these grasshoppers under the 
category of 'locust in making' and this may change the basic 
concept of a limited species of locust to unlimited locust 
species . 
Some visual observations on the occasional 
gregarization and discontinuous aggregation in Oedaleus 
abruptus and Gastrimargus africanus are of much practical 
utility. These observations on gregarization confirm an 
instinct of grouping and social aggregation which may result 
in many behavioural changes like mass migration, short life 
cycle and cumulative activities. These insects ha^ ve the 
ability of forming a swarmlet when overcrowded. These 
observations of primary groupings in these two species are 
new and a substantial addition to the knowledge of 
polymorphism in acridids. 
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On the basis of present studies it can be concluded 
that Oedaleus abruptus and Gastrimargus africanus can 
assume new dimensions when become gregarious in nature. The 
life-cycles of these species, hitherto, unknown, has been 
made comprehensively known. The duration of hoppers and 
longevity of adults, reproductive strategies and egg-laying 
potentials and finally the incubation period in accordance 
to the environmental conditions have been worked out. 
Special attention has been paid on the morphometries in 
order to ascertain any hidden gregarious characters which 
are exhibited occasionally. The extent of behavioural 
changes in these two species will be of great value to the 
acridologists the world over. 
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